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Bokaro—India's newest and largest power station; see page 64 
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Duke Power Company 





The C-E Unit shown above is one of two duplicates now in 
process of fabrication for the Buck Steam Station, Spencer, N. C., 
of the Duke Power Company. 


Each of these units is designed to serve a 125,000 kw turbine- 
generator operating at a throttle pressure of 1800 psi with a 
primary steam temperature of 1000 F, reheated to 1000 F. 


These units are of the controlled-circulation, radiant type with 
a reheater section located between the primary and secondary) 
superheater surfaces. An economizer section follows the rear 
superheater section and regenerative type air heaters follow the 


economizer surface. 


Pulverized coal firing is employed, using bowl mills and tilting, 
tangential burners. o4 


ALL TYPES OF BOILERS, FURNACES, PULVERIZED FUEL SYSTEMS AND STOKERS; ALSO SUPERHEATERS, ECONOMIZERS AND AIR HEATERS 
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In the post-war rush to expand power generating facilities, utilities have 
not lost sight of the need for operating economy. Increasingly over these 
years, the fuel-saving, performance-improving potentials of the Ljungstrom 
Air Preheater have been realized — until today, nearly two out of every 
three power boilers are ordered with the specification “Ljungstom Air 
Preheater.”’ 

Since 1946 alone, in fact, more than 347,000,000 pounds per hour of steam 
capacity — installed or on order — have been designed for Ljungstrom. 


This record speaks for itself. It proves that the Ljungstrom Air Preheater 
is, indeed, the most economical heating surface in the modern boiler. 


The AIR PREHEATER CORPORATION 


60 East 42nd Street, New York 17, N.Y. 
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International Steam Table Conferences 


Publication within the past four years of new steam 
tables in Great Britain, Germany, Japan and Russia 
points to the desirability of holding another International 
Steam Table Conference along the lines of those con- 
ducted in 1929, 1930 and 1934. A recent article by H. 
Erythropel in Zeitschrift, VDI, a translation of which 
appears in this issue, reveals substantial discrepancies 
among the various tables, particularly for values of 
enthalpy of superheated steam. This is suggestive of one 
of the major problems of the Third International Steam 
Table Conference. In the October 1934 issue of this 
publication Dr. Joseph H. Keenan of the Massachusetts 
Institute of Technology reported as follows: ‘‘Enthalpy 
of superheated steam proved to be the most troubled 
water the American Conference had to navigate. At the 
bottom the difficulty was excessive data. There were 
direct measurements by the condensation method. . ., 
specific heat measurements ... and values deduced from 
specific volume measurements. ... Attached to each of 
these was the pride and aspiration of a nation, and com- 
promise gave pain to patriotism. Nevertheless, agree- 
ment was reached and tolerances approximately one- 
third as large as those at the 1929 London Conference 
were established.” 

As steam conditions in central stations push higher and 
higher, the validity of steam tables, and particularly their 
reliability for use in heat-balance computations, becomes 
of ever-increasing importance. In the past The Ameri- 
can Society of Mechanical Engineers has shown consider- 
able interest in comprehensive research of the properties of 
steam, as also have mechanical engineering groups in 
other countries. Some means should be found to recon- 
vene interested steam-table authorities into a Fourth 
International Steam Table Conference. Its benefits 
would be in keeping with the following comments from 
an editorial in these columns in September 1934: 

“It has been said that engineering knows no national 
borders, yet economic conditions in different countries 
exert a strong influence on engineering practice. On the 
other hand, the properties of steam are universal, and, 
granting equal accuracy of observations, discrepancies in 
the results of different investigators must be attributable 
to methods. That the values are likely to be brought 
into line for all practical purposes represents a monu- 
mental accomplishment well worth the money and effort 
put into the work.” 
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Men, Machines and Economics 


In an editorial entitled ‘“The Art of the Practical Engi- 
neer’’ which appeared last month, the comment was made 
that it is difficult and perhaps undesirable to draw a 
sharp distinction between the art and the science of engi- 
neering. Another area which is inseparable from engi- 
neering is that of economics, for engineering decisions 
inherently have economic consequences. The engineer 
should be aware of the financial ramifications of his 
activities in order to maintain them in proper balance 
with his strictly technical endeavors. And on occasion it 
may be well for him to take time from his daily activities 
to review some of the fundamental concepts of the eco- 
nomic system under which he functions. 

A recent book entitled “Big Business: A New Era’”’ 
by David Lilienthal, former head of TVA and the 
Atomic Energy Comission, offers some challenging 
thoughts on the economic role of large industrial enter- 
prises and their relation to the overall national interest. 
The following excerpts are typical of some of the basic 
reasoning set forth: 

‘The purpose of our economic society and system is to 
promote freedom for the individual, as one prime essen- 
tial of happiness and human fulfillment. . . . Freedom of 
choice in economic matters means freedom to choose 
between competing ideas or services or goods. It means 
the maximum freedom to choose one job or one profes- 
sion or one line of business as against some other. 

“These are economic choices. They are, however, more 
than economic or business acts. They are the mark of 
men who are free, as free as in society it is possible or 
workable for men to be. We call our economic system, 
quite appropriately, free enterprise. To maintain and 
nourish the essentials of free enterprise for all our people 
we must maintain and nourish the freedom of choice 
that makes the system come into being and flourish.”’ 


Mr. Lilienthal succeeds in showing the interrelation- 
ship of technological developments and the growth of 
large enterprises. Instead of being fearful of the conse- 
quences of this interrelationship, he is hopeful that man 
can control his machines in such a manner as to build a 
new kind of freedom of benefit to all. To the engineer 
who is concerned with the design of equipment and the 
formulation of new projects, this book may serve to re- 
emphasize the inseparability of engineering and its eco- 
nomic consequences. 











Local Carbide Segregation and 





Decarburization in Welded Joints 


The following reports the results of a 
cooperative investigation by the M. W. 
Kellogg Company and The Detroit Edison 
Company in which 1'), per cent chrome - 
'’, per cent molybdenum, ASTM A-158, 
Grade P11 piping was involved. 


ATE in 1951 it was reported at an industry 
meeting! that an investigation of a welded joint in 
ASTM A-158, Grade P11 (1'/4Cr—'!,» Mo) pipe re- 

moved froma main steam line, which had been in high tem- 
perature service at 1000 F for less than a year, disclosed 
the occurrence of carbide segregation and decarburization 
at the weld junction. The band was stated to be ad- 
joined by a carbide-free area, consisting of a wholly 
ferritic zone. In some cases the carbide segregation 
appeared as an almost unbroken band of pearlite along 
the edge of the weld at the junction with the heat-af- 
fected zone. It was suspected that this phenomenon 
might occur only in those intermediate low chromium- 
molybdenum alloy steels containing higher silicon con- 
tents (0.50 to 1.00 per cent) as in Pll pipe. It was be- 
lieved that, using the same welding electrodes and heat 
treatment, carbide segregation does not occur when sili- 
con is present in the lower range (0.50 per cent maximum) 
with chromium and molybdenum within the chemistry 
range of P11 material. 

The reported occurrence became the cause of serious 
concern to power plant operators, particularly those 
who had recently placed P11 steel pipe in high-tempera- 
ture service, as well as those who had specified that com- 
position for proposed installations. 


Scope of Investigation 


The Detroit Edison Company and The M. W. Kellogg 
Company decided to undertake a cooperative investiga- 
tion of the phenomenon. In a joint review of the prob- 
lem the cooperators at once agreed that there are a great 
many variables involved. It was recognized that a 
complete investigation of all of these would extend the 
program far beyond the time which should be allowed 
to furnish industry with some assurance as to the suitabil- 
ity of welded joints currently in service or those now being 
fabricated. The investigation was therefore planned to 
obtain data regarding: (a) the conditions under which 
carbides segregation and decarburization occur in P11 
steel, (>) the effect of this occurrence on the properties 
of the welded joint and (c) information as to prevention 
of the occurrence of this phenomenon in welded joints 
before they enter service. Accordingly the following 
three major factors were given primary consideration: 


1A meeting of the EEI-AEIC Joint Committee on the use of Metals at 
High Temperatures. 
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By H. S. BLUMBERG* 
and I. A. ROHRIG} 


Variables Considered 
Low-silicon steel, high-silicon steel 


Factor 

Silicon content of A-158, P11 
pipe (1'/, Cr—'/» Mo) 

Welding electrodes Three compositions of weld depos 
its. Four types of electrode coat 
ings 

Eight heat treatments including the 
“as-welded”’ condition 


Heat treatments 


Zach company proceeded to make independent metal- 
lurgical studies. When the data were available they 
were considered jointly. As here reported, emphasis 
was given to the significance of the findings to users of 
welded construction in P11 grade steel in steam power 
plant service. 


Materials Investigated 


The materials used by the two companies for this 
investigation consisted of pipe and welding electrodes. 
The pipe materials are listed in Table 1. These ma- 
terials were furnished by National Tube Company and 
conform to ASTM Specification A-158, Grade P11 


TABLE 1—PIPE MATERIALS USED FOR TEST 
Pipe Size, In... — - -Chemical Composition— - 
Mark Diameter Thickness , Mn Si Cr Mo 
(a) 10*/, 1'/s 0.10 0.68 0.68 1.32 0.54 
(b) 5/16 3/5 0.06 0.42 0.97 1.23 0.50 


Note: Pipe (a) was used by the M. W. Kellogg and The Detroit Edison 
Company; pipe (b) was used by the M. W. Kellogg Company only 


(1'/4 Cr 2 

near the minimum and maximum of the allowable range 
which is 0.50 to 1.0 per cent. Unfortunately the pipe 
producer was able to furnish only sufficient length of 


'/, Mo), with silicon contents respectively 


TABLE 2—ELECTRODES USED FOR TEST 


Elec- Deposit Type of Electrode Coating, 
trode Weld Composition, ASTM A-316 
mark* Identity Nominal Class Description 
A 1-A, 2-A 1.25 Cr -0.50 Mo 16 Low-hydrogen, potassium 
B 3-B 2.25 Cr-1.0 Mo 16 Low-hydrogen, potassium 
Cc 4-C 1.0 Cr-0.50 Mo 10 High cellulose, sodium 
D 4-D 1.0 Cr-0.50 Mo 13 High titania, potassium 
E 5-E 1.0 Cr-0.50 Mo 16 Low-hydrogen, potassium 
F 5-F 1.0 Cr-0.50 Mo 15 Low-hydrogen, sodium 
G 6-G 1.0 Cr-0.50 Mo ; Partially lime-ferritic and 
titania-potassiumt 
H 6-F 2.25 Cr-1.0 Mo Partially lime-ferritic and 


titania-potassiumt 


* Electrodes A and B were used in the test welds made by The M. W. Kellogg 
Company; Electrodes C, D, E, F, G and H were used in test welds made by 
The Detroit Edison Company 

t+ Coating was not of a type included in ASTM A-316. 


* Chief Metallurgist, the M. W. Kellogg Company, Jersey City, N. J. 
t Senior Research Engineer, Engineering Laboratory, The Detroit Edison 
Company, Detroit, Mich. 
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the higher silicon material for a single circumferential 
weld. Deoxidation practice in melting was stated by 
the manufacturer to include the addition of less than 
one-half pound of aluminum per ton. 

Eight welding electrodes were used, as listed in Table 2. 


(of these, five were 1 Cr—'/, Mo grades, one 1'/4— '/: Mo, 
and two 2'/,Cr-l Mo. All the 1 Cr — '/, Mo electrodes 
were used by the Detroit Edison Company, the one 
|! , Cr — '/y Mo electrode by The M. W. Kellogg and 
one 2'/4 Cr — 1 Mo electrode by each cooperator. 


Procedure 
fue Detrroir EpISON COMPANY 


Three complete welded joints were made. The pipe 
material was preheated to 500-700 F before welding and 
was maintained in that temperature range during welding 
by means of electric-resistance type heaters. The welds 
were made in a fixed horizontal position. Measured 
from the top of the pipe, half of the circumference of 
each weld was made with one of the different electrodes 
mentioned in Table 2 and the other half with another; 
that is, in making the three welds, six different electrodes, 
C through H, Table 2, were used. 

Three '/»-in.-wide strips were cut across the respective 
parts of the welds made with one of each of the six 
different welding electrodes. One of the strips was stress- 
relieved at 1300 F for two hours and then used for a bend 
test. The other strips were given the postwelding heat 
treatments shown in Table 3, and then were used for 
metallographic examination and hardness tests. 


THE M. W. KELLOGG COMPANY 


Three welds were prepared, designated as 1-A, 2-A, 
and 3-B in Tables 2 and 3. The pipe was preheated to 
100-500 F before welding and maintained in that 
temperature range during welding. The pipes were 
rotated during welding so that all welding was done in 
the downhand position. Welds 1-A and 2-A were made 
respectively, in low- and high-silicon base metal, both 
being joined with the same lot of 1'/, Cr — '/, Mo elec- 
trodes. Strips were cut across the welds and then sub- 
jected to the heat treatments listed in Table 3 for these 
welds. 

Weld 3-B consisted of low-silicon 1'/, Cr—'/, Mo base 
metal welded with a deposit of 2'/, Cr — 1 Mo electrodes. 
Weld 3-B was given an immediate partial postheat 
treatment after welding, consisting of one hour holding 


at 1300 F, followed by furnace cooling. The weld was 
then sectioned and given the heat treatments listed for 
this weld in Table 4. The strips of each weld in each 
condition of heat treatment were subjected to the fol- 
lowing tests, in so far as material was available: 
Tension tests 
Bend tests 
Charpy impact tests (slotted at junction weld—heat- 
affected zone, where carbide segregation and de- 
carburization were reported ) 
Hardness exploration 
Microscopic examination 


Results Obtained 
THE DeEtrRoIT EDISON COMPANY 


Guided-bend tests made on the stress-relieved strips 
representing the welds from the six different lots of elec- 
trode showed satisfactory bend results with no sign of seri- 
ous cracking. The welds produced by three of the elec- 
trodes, 4-C, 5-E and 5-F, showed no defects of any 
type whereas the other three had varying degrees 
of small pinholes and fissures 

Hardness tests made in the weld metal in the heat 
affected zone, and in the base metal of each weld joint 


TABLE 3—HEAT-TREATMENT OF TEST WELDS 


Treatments Welds Treated 


No treatment (as-welded) 1-A, 2-A, 4-C, 4-D, 5-E, 5-F, 6-G and 6-H 

1300 F, l hr, Furnace Cool 1-A, 2-A, 3-B, 4-C, 4-D, 5-E, 5-F, 6-G and 6-H 
1300 F, 2hr, Furnace Cool 3-B 

1450 F, l hr, Furnace Cool 1-A, 2-A, 3-B 

1550 F, l hr, Furmace Cool 1-A, 2-A, 3-B, 4-C, 5-E, 5-F, 6-G and 6-H 
1700 F, 1 hr, Furnace Cool 1-A, 2-A, 3-B, 4-C, 4-D, 5-E, 5-F, 6-G and 6-H 
1700 F, 1 hr, Air Cool 3-B 

1300 F, 1 hr, Furnace Cool 

1700 F, 1 hr, Air Cool 4-C, 4-D, 5-E, 5-F, 6-G and 6-H 


after the five conditions of heat treatment, including the 
as-welded condition, showed no unusually high hardness 
values in any of the | Cr — '/, Mo deposits. As would 
be expected, the 2'/, Cr — | Mo welded joint had high 
hardness in the as-welded and the normalized conditions 
but these hardnesses were lowered considerably by heat 
treatments to a degree known from past experience to 
be consistent for these welds. 

The results of metallographic observations on spect- 
mens from each of the six welds after each of the five 
heat treatments are contained in Table 4, in which there 
is given a rating for carbide segregation and decarburiza- 


TABLE 4—SUMMARY OF METALLOGRAPHIC OBSERVATIONS 


(Numbers in parentheses represent the numt 


yer of welded joints for each condition indicated) 


t/, Cr — '/ Mo Welds ~ -~2'/, Cr - 1 Mo Welds 


Cr-— '/: Mo Welds 
Heat Carbide 
Treatment Segregation Decarburization 
As- welded None (5) None (5) 
1300 F, 1 hr, F.C. None (5) None (5) 
1300 F, 2 hr, F.C. 
1450 F, 1 hr, F.C 
1550 F, 1 hr, F.C None (1) Slight (2) 
Slight (2) Moderate (2) 
Moderate (2) Strong (1) 
1700 F, 1 hr, F.C. None (1) Slight (1) 
Slight (1) Moderate (3) 
Moderate (2) Strong (1) 
Strong (1) 
1700 F, 1 hr, A.C. None (5) None (4) 


1700 F, 1 hr, A 
1300 F, 1 hr, F 


C. 
C. 


Slight (1) 


No. of welds made 
Weld electrodes 
Pipe material 


5 
1.0Cr 0.50 Mo 
10°/, in. diameter (low silicon) 


Weld identity The Detroit Edison Company, 


five welds 
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1—5/is in. diam (high Si) 


Carbide Carbide 
Segregation Decarburization Segregation Decarburization 
None (2) None (2) None (1) Slight (1) 
None (2) None (2) None (2) Slight (1) 
Moderate (1 
‘ Slight (1) Moderate (1) 
None (2) None (2) Moderate (1) Strong (1) 
None (1) Slight (2) Moderate (1) Strong (2) 
Slight (1) Strong (1) 
Strong (2) Strong (2) Strong (2) Strong (2) 
None (1) Slight (1) 
None (2) None (2) Slight (1) Moderate (1 
” > 


2.25 Cr - 1,0 Mo 
10°/, in. diam (low silicon 


1.25 Cr - 0.50 Mo 
1—10°/, in. diam (low Si) 


M. W. Kellogg Company The Detroit Edison Company 
two welds M. W. Kellogg Company—one weld each 
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1550 F, 1 Hour F.C. 
1700 F, 1 Hour, F.C. 
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Fig. 1—Microstructure of representative weld cross 


with 1.25 Cr—0.50 Mo electrodes. 
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Fig. 2—Microstructure of representative weld cross-sections between low-silicon 1.25 Cr—0.50 Mo pipe welded 
with 2.25 Cr—1.0 Mo electrodes. Weld is on the ——- 1 side, junctionisin the center. Photomicrographs at 
00X. 
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tion. Grade P11 pipe material, when welded with either 
of the five different 1 Cr — '/» Mo electrodes used in the 
Detroit Edison test, showed no decarburization adjacent 
to the weld deposit either in the as-welded condition or 
after postweld heat treatment at 1300 F. However, if 
postweld heat-treated at 1550 F or higher, a decarbur- 
ized zone occurred in the P11 pipe metal adjacent to the 
1 Cr — '/2 Mo weld deposit. 

Grade P11 pipe material, when welded with the one 
2'/, Cr-— 1 Mo electrode used in the Detroit Edison test, 
showed a decarburized zone approximately 0.025 to 
0.050 in. wide adjacent to the weld deposit in the as- 
welded condition and after postweld heating at 1300 F 
for stress-relief. The decarburized zone became more 
prominent after the samples had been annealed at either 
1550 F or 1700 F. The finding that decarburization can 
occur in Grade P11 pipe material welded with 2.25 
Cr — 1 Mo weld metal and post weld annealed at 1550 F 
is in agreement with the results reported at the EEI- 
AEIC meeting. 


THE M. W. KELLOG COMPANY 


Tension tests representing each of the three welds in 
the various conditions of heat treatment listed in Table 4 
showed strengths consistent with the heat treatments to 
which they were subjected. In general, welds made with 
the 1!/, Cr — '/2 Mo electrodes and heat-treated below 
the critical range fractured in the base metal, whereas 
those treated within and above the critical range broke in 
the weld metal. All specimens from the 2'/, Cr — 1 Mo 
welds fractured outside the weld as would be expected 
from the higher strength of this higher chromium-molyb- 
denum composition. Two important observations are 
that in no case did any fracture occur in the region where 
carbide segregation or decarburization had occurred, 
also that all tension-test fractures were accompanied by 
a high degree of deformation. 

Bend tests were made only on weld joints produced 
with 1!/, Cr — '/. Mo electrodes. No failures were ob- 
tained in any of the tests, i.e., no zone of weakness was 
found in any region in these welds where carbide segre- 
gation and decarburization were discovered micro- 
scopically. No bend tests were made on the 2!/, Cr — 1 
Mo weld. 

Charpy-impact test specimens notched at the junc- 
tion of the heat-affected zone and the weld gave high 
values and disclosed no indication of weakness. 

Hardness values obtained were consistent with those 
reported by the Detroit Edison Company. 

Data pertaining to carbide segregation and decarburi- 
zation are given in Table 4. Typical photomicrographs 
are shown in Figs. 1 and 2. In both the low- and the 
high-silicon-base-metal weld joints, 1-A and 2-A, made 
with 1'/, Cr — '/2 Mo electrodes, no appreciable carbide 
segregation or decarburization was noted at the junction 
of the weld and the heat-affected zones after treatments 
at 1300 F and 1450 F. However, after a slow cool from 
1550 F, slight carbide segregation and decarburization 
were noted in both welds. ‘‘Strong’’ effects were noted in 
both welds upon annealing (furnace cooling from 1700 F) 
whereas no appreciable effects were observed when the 
heat treatment consisted of normalizing (air cooling 
from 1700 F) followed by stress relieving from 1300 F. 
Both low- and high-silicon-base metal welds made with 
electrodes of similar composition thus show nearly sim- 
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ilar microstructural behavior after the various heat 
treatments. 

A greater degree of carbide segregation and ce- 
carburization was observed when welding of 1'/, Cr- ', 
Mo base metal was done with the ‘dissimilar’ deposit 
of 2'/, Cr — 1 Mo composition. It will be observed in 
Table 4 that the 2'/, Cr — 1.0 Mo weld showed some effect 
after any of the heat treatments used. 


Discussion 


The data presented in Table 4 represent observations 
made on 48 specimens from welds made with nine differ- 
ent electrodes which deposited three separate weld metal 
compositions. The effect of eight heat treatments 
is also considered. The data are evidence regarding the 
the occurrence of carbide segregation and decarburization 
in the Pll pipe material invesitgated. 

It was noted that when carbide segregation takes 
place, it occurs very close to the junction of the weld 
and base metal but on the weld metal side. The de- 
pletion of carbon appears mostly on the base metal side 
of the weld. 

Date available for the 1 Cr — '/ Moand 1'/, Cr-', 
Mo deposits indicate that carbide segregation or decar- 
burization does not occur in either the ‘‘as-welded” 
condition, after a stress relief at 1300 F, or after stress 
relief at 1450 F. The occurrence of a moderate degree of 
segregation and decarburization in the pipe material 
itself is apparent with this type of weld metal after a 
furnace cool from 1550 F and is most pronounced after 
afurnace coolfrom 1700 F. Itis unlikely that the 1700-F 
heat treatment would be used for welded joints in these 
materials. The 1 Cr—'/. Mo and 1'/, Cr — '/2 Mo weld 
joints show a negligible amount of decarburization or 
carbide segregation after normalizing from 1700 F, or 
when that treatment is followed by a stress relief at 
1300 F. 

From the tests made with 2'/, Cr — 1 Mo deposits, it 
appears that in the ‘‘as-welded’’ condition no carbide 
segregation is present. However, after a stress relief at 
1300 F and higher, moderate to strong effects are ob- 
served. The most severe results were noted after 
annealing from 1700 F. It is thus indicated that if 
carbide segregation at the weld junction is to be pre- 
vented, 2'/, Cr — 1 Mo electrodes should not be used, 
unless the heat treatment consists of normalizing at 
1700 F followed by stress relieving at about 1300 F. 
However, it must be pointed out that there is no evidence 
to indicate that carbide segregation and decarburization 
present in the greatest degree observed is harmful for 
service. 

No difference was observed metallographically between 
the weld made in the high silicon pipe material and the 
low silicon steels. Evidently the silicon content of the 
pipe materials had no effect in promoting or suppressing 
carbide segregation. 

Tension, bend and impact tests made at room tem- 
peratures disclosed no brittleness or other weakness, 
even in those welds containing the most severe carbide 
banding and decarburization. This may be considered 
of prime significance as indicating that when the maxt- 
mum degree of segregation observed in the tests 1s 
present in welds there is little cause for alarm. 

It may be questioned whether the observed micro- 
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structures will remain stable in service. In an effort 
to obtain data on this point, this investigation will be 
continued with a study of the effect of time. 


Conclusions 


accompanying decar 


conditions, 


|. Carbide segregation and 

burization may occur, under some at the 
junction of the weld and heat-affected zone of ASTM 
A-158, Pll (1'/, Cr '/, Mo) steel welded joints. 
2. In welded joints of which the composition with 
regard to carbon, chromium and molybdenum is nearly 
similar in both weld and base metal, no appreciable 
carbide segregation appears to occur when postwelding 
heat treatment temperatures are below the lower critical 
temperature. 

3. When the chromium and molybdenum contents of 
weld metal are appreciably higher than in the base metal, 
slight carbide segregation and decarburization begin to 
occur with a heat treatment involving slow cooling at 
1300 F or higher, increasing in degree as the heat-treating 
temperature is raised. 

!. Slow cooling from above the upper critical tem 
perature yields the greatest degree of carbide segrega 
tion. 

5. Air cooling from 
perature inhibits carbide segregation, even when followed 
by stress relief at 1300 F. 

6. With even the most severe carbide segregation and 
decarburization there no indication of 
embrittlement or weakness at the junction, as judged by 
room temperature laboratory tests. 
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This atenabe rigid block — 
effective up to 1700° F. eliminates the 
need for separate high and low tempera- 
ture materials. Its low thermal conduc- 
tivity helps maintain proper operating 
temperatures in steam boilers, refinery 
towers, ovens, chemical treating tanks and 
other hot equipment. 


B-H Mono-Block is stable under severe 
heat and moisture conditions. And fin- 
ished with B-H Powerhouse Cement 
(which also insulates) it provides long 
lasting insulation with permanent high 
efficiency. When heat losses have you wor- 
ried, get in touch with B-H Engineered 
Insulation Service. No obligation at all. 
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CHEMICAL CLEANING REMOVED MILL SCALE 
FROM BOILER AFTER ERECTION 


Dowell service gave quick, effective cleaning 
assuring more efficient operation 
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To provide more extensive service for its customers, a of previously sand blasted or pickled tubes. It may also 
large power company installed anew 1,370,000 lb. per hour — substitute for the grease-removing alkaline preboil, thus 
boiler. Specifications on this equipment called for Dowell —_ saving considerable time and money. Unless it is removed, 
Chemical Cleaning Service to remove the mill scale from mill scale may retard heat transfer, slough off abrading 
the boiler after erection. particles, and act as a base for further corrosion. 


Maintenance engineers in industrial plants throughout the 


To remove the mill scale, Dowell engineers filled the ee 
country have learned to rely on Dowell Service for fast, 


boiler with solvents especially designed for the job. 


' : , effective and economical cleaning of their operating equip- 
Using Dowell’s equipment, manpower, and pump trucks, 


' Mili tig : . ment. How about you? 
the entire cleaning job was performed in a few hours. ‘ ' 

Experienced Dowell engineers are available to make 
The removal of mill scale after equipment is erected can __ estimates on your particular problems. Call Dowell today, 
eliminate much of the extra care required in the handling _ or write directly to Tulsa, Dept. C25. 


DOWELL SERVICE 


Over 100 Offices to Serve You with Chemical Cleaning for: 


Boilers ¢ Condensers ¢ Heat Exchangers ¢ Cooling Systems 
Pipe Lines © Piping Systems ¢ Gas Washers @ Process Towers 
Process Equipment ¢ Evaporators ¢ Filter Beds ¢ Tanks 


Chemical Services for Oil, Gas and Water Wells 
DOWELL INCORPORATED ¢ TULSA 1, OKLAHOMA 





A Service Subsidiary of 
THE DOW CHEMICAL COMPANY 
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A Classification of Outages of Facilities 
in Electric Power Systems 


Lack of uniformity in nomenclature has 
tended to detract from the usefulness of 
terms relating to outagesin power facilities. 
This article represents a well-planned 
effort to devise a common terminology 
made up of precise definitions which are 
logically related to one another. It had 
its inception in a paper originally prepared 
for the AIEE 1952 Southwestern District 
Meeting and in subsequent discussions 
which the author had with interested en- 
gineers in the utility industry. It has 
been prepared in its present form at the 


request of the editors of COMBUSTION. 


UITABLE provisions for the various types of out 
ages encountered in electric-system operations are 
major factors controlling the aggregate reserve 

supply necessary which, in turn, is a most important part 
of the total system capacity required. As provision for 
outages is a critical feature of system-operating and 
capacity-extension programs, it is evident that any 
means that will facilitate planning for outages is needed. 
One such need could be met by a classification of outages 
similar to the uniform terminologies now in common use 
in other areas of power-system engineering. Such a 
classification would have the advantages common to 
others, e.g., it would greatly facilitate the preparation 
and use of operating and planning programs; exchange of 
information between interconnected companies; evalua 
tions of the effectiveness of preventative-maintenance 
practices; the suitability of plant-layout features; etc. 
The need for such a common terminology is clearly 
evidenced by the many different terms now used to de- 
scribe outage types. Quite frequently, several terms 
have been applied to the same outage type and the dis- 
tinctions made between types have by no means been 
clear. Such lack of uniformity in nonmenclature, which 
also applies to discussions of other system planning and 
operation features, results in some confusion and re- 
stricts progress in solution of capacity-vs.-load problems. 
To provide a basis for the considerable discussion re- 
quired for the preparation of a uniform outage-classifica- 
tion, the writer presented an AIEE paper in which he 
attempted to chase the general problem out into the open, 
where all aspects can be clearly viewed and discussed. 
This article is based not only on the above paper, but 
also on the able and rather numerous discussions of it 
received so far, which indicate a widespread interest. 
Chis is a universal classification applicable not only to 
the generating facilities alone, but to all other parts of an 
agyregate system. It is not based on the use of different 
terms, as governed by the facilities involved, for the 
Saine outage type. Instead, all terms apply to outages 
of all facilities, i.e., outages are classified by types ac- 
cording to the associated conditions, such as, the purpose 
ol in outage, its effects on the system power supply and 
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operation of other facilities, the amount of advance notice 
and reserve supply available, etc. For example, a shut- 
down scheduled for overhaul work is a scheduled overhaul 
outage regardless of whether the equipment removed 
from service is a boiler, a steam or hydraulic turbine, or a 
synchronous condenser. Likewise, a scheduled shut- 
down for construction purposes of either a boiler and tur- 
bine, or a tie line, is a scheduled construction outage. 

Outages are primarily defined in the following classifi- 
cation as single events. Multiple outages as such are not 
included. However, the secondary and simultaneous 
outages listed are typical of multiple-outage types. 
Cyclic reductions in the capabilities of facilities, e.g., 
those due to seasonal circulating-water or ambient tem- 
perature increases, are considered as system-capacity 
reductions without an associated outage. 

Any study of outages involves some consideration of 
the system reserve requirements as created by the outages 
and of the reserve supplies needed to provide for the 
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outages. In this discussion, the following general terms 
are used to cover the system reserve-supply sources us- 
ually encountered. Surplus capacity is that released by 
the normal (and unusual) load cycles; e.g., the daily, 
weekly, monthly and seasonal cycles. To this can be 
added capacity released by customer load-control ar- 
rangements, such as those included in some service con- 
tracts. Spare capacity is that available when needed 
regardless of the load cycles, such as spare capacity in 
steam-station auxiliary equipment, spare boiler or tur- 
bine capacity, etc. The aggregate supply for scheduled 
outages is furnished by the surplus capacity on hand at 
the time, plus any spare capacity available for this serv- 
ice. Reserve for unscheduled outages, and system- 
control service, is the unloaded generation connected to 
the system and ready to pick up or drop load upon re- 
sponse to throttle or gate operation, as allowed by the 
operating characteristics of facilities. At any time, the 
total reserve supply consists of that available for sched- 
uled outages, plus the reserve provided for unscheduled 
outages and control service. Reserve itself is defined as 
the difference between the capacity available to a system 
and its load demand, all at the time (and place) under 
consideration. 


Definitions of Types of Outages in Electric-Power 
Systems 


A. OUuTAGE—An outage is an event, necessitated by 
adverse conditions involved in the operation of power- 
supply facilities, that curtails the system capacity avail- 
able for service. 

1. ToTat OvutTaGEs are those resulting in a loss of all 
of the capabilities of power-supply facilities. 

2. PARTIAL OUTAGES are those resulting in a material 
reduction in the capabilities of power-supply facilities. 


B. SCHEDULED OUTAGES are those shown on any list 
required for the performance and coordination of system 
maintenance and inspection operations; e.g., mainten- 
ance-outage schedules and maintenance-force work plans. 


1. MAINTENANCE OUTAGES are the scheduled out- 
ages, of limited duration, required for miscellaneous 
minor routine, or other maintenance, repairs, and in- 
spections. 

2. OVERHAUL OUTAGES are the scheduled periodical 
lengthy shutdowns required for major inspection and 
overhaul purposes. 

3. CONSTRUCTION OUTAGES are the scheduled shut- 
downs required for construction operations not con- 
nected with the repair of facilities. 

4. RANDOM OUTAGES are those not necessarily listed 
on the system maintenance-outage schedule, due to the 
time during which sufficient reserve will be continuously 
available, where required. 


C. UNSCHEDULED OUTAGES are those that either oc- 
cur at once, or that must be made in a very short time, 
so that they cannot be effectively coordinated in the 
system maintenance plans. 

1. FORCED OvuTAGES are the unscheduled outages 
that happen at once, or that must be made immediately. 

2. EMERGENCY OUTAGES are the unscheduled outages 
for which a short time delay is allowable before the out- 
age must be made, forthwith. 
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3. MINOR OUTAGES are those that occur when a +e. 
serve-supply surplus is available, that approximates 
capacity lost. 

4. TEMPORARY OUTAGES are those that can be reac ily 


oe 


eliminated by restoring the associated facilities to ser\ ice 


shortly or immediately after the outage occurs. 


D. SpecIAL OuTAGES are those that require some 
special consideration before their complete classification 
can be definitely determined. 

1. COMBINED OR SPLIT OUTAGES are the ones, initially 
occurring as unscheduled outages, during which previ- 
ously scheduled work isdone. With no material duration 
extensions for such work, they are considered as Com- 
bined Unscheduled Outages. Otherwise, they are con- 
sidered as Split Outages, with the outage duration split 
between the scheduled and unscheduled categories ac- 
cordingly. 

2. SECONDARY OUTAGES are those that are the indi- 
rect result of previous outages of accessory and associated 
equipment and facilities. 

3. REPEATED OUTAGES are the successively sched- 
uled outages all made for the same general purpose. 

4. SIMULTANEOUS OUTAGES are those that occur, or 
are made, at practically the same time. 

5. REDUCED-ENERGY OUTAGES are those that curtail 
the production of usable energy, without a corresponding 
reduction in the total available capacity needed at the 
time. 

6. EXTENDED LONG-TIME OUTAGES are those re- 
sulting in system power-supply reductions prolonged to 
such an extent that consideration must be given to treat- 
ing the situation as the development of a permanent 
power-supply deficiency, requiring material system im- 
provements for its elimination. 


Discussion 


This discussion covers the specific definitions listed 
above. 

A. OutTaGEs—The term ‘“‘Outage’’ is a general one 
that covers the occurrence of all shutdowns and reduced- 
capacity operations, of facilities in commercial service, 
that are made because of adverse operating conditions, 
without regard to their time of occurrence or the need, at 
the time, for service from the facilities involved. There- 
fore, an outage is an event and not a condition. Shut- 
downs due solely to a lack of need for service from the as- 
sociated facilities are not included. This term covers 
effective output reductions due to adverse conditions in- 
herent of, and those extraneous to, the system as <le- 
scribed below. 

Examples typical of inherent system conditions would 
be total or partial output reductions due to boiler or mill 
outages, blading trouble, failure of transmission facilities, 
and outages for inspection and maintenance. The com- 
pletion of work and arrangements needed to restore the 
facilities to full service when required would be under the 
control of the system involved, to a large extent at least. 

Those typical of conditions extraneous to the system 
would be capability reductions due to poor grades of fuel 
or insufficient fuel supplies, adverse stream-flow condi- 
tions, etc. The application, by the system, of expedients 
to eliminate such outside or foreign troubles and so re- 
store the facilities to full service would, in most cases, be 
at least very difficult and often impossible. 


March 1993—C OMBUSTICN 


tl 





ne 
Hon 


lly 
UVI- 
Non 
m- 
‘on- 
plit 

ac- 


idi- 
ted 


ied- 


ted 


one 
ed- 
ice, 
ns, 
, at 
re- 
jut- 
as- 
ers 
in- 
de- 


uld 
nill 
ies, 
m- 
the 
the 
ist. 
em 
uel 
di- 
nts 
re- 

be 








ToTaL OutaGe. As listed above, this term covers 
th se shutdowns that result in a loss of the entire load- 
curving capabilities of facilities. 

PARTIAL OUTAGE. This term covers outages that 
rejuire the operation of facilities at a materially reduced 
capacity. They are often made in anticipation of trou- 
ble and, in some cases, follow total outages after provi- 
sis are made for temporary operation under the new 
conditions. 

[yvpical examples are boiler-output reductions due to 
fai outages, low gas-fuel pressure, reduced feed-pump 
capacity, and the loss of one regenerative-type air heater. 
Others are reduced machine outputs due to boiler out- 
ages, reduced circulating-water-pump capacity, loss of 
hvdrogen pressure, fouled condensers and intake screens, 
the removal of damaged blading, ete. 


8. SCHEDULED OuTAGES—This term covers the out- 
ages that can be anticipated so that maximum advantage 
can be taken of any opportunities that may exist to re- 
place the associated generation loss with suitable alter- 
native capacity. The advance notice available is the 
primary consideration. If, due to this notice, possibili- 
ties for limiting the associated reduction in needed power 
supply can be determined, the outage can be placed in 
this category. The degree to which this reduction can 
actually be limited should not govern, as it varies from 
no effective amount to amounts meeting all requirements 
due, primarily, to factors beyond effective control by the 
system at the time. Likewise, the extent to which a 
needed outage requires changes in previously prepared 
plans should not govern, as some deviations from most 
advance arrangements are common and cannot be 
avoided. 

In order to avoid adverse reductions in the total capac- 
itv required, many outages must be included in the sys- 
tem maintenance-outage schedule, i.e., the plan for coor- 
dinating the variable reserve supplies with releases of 
facilities for needed work. Typical examples are the 
shutdowns that can be made when the seasonal and other 
load cycles result in a suitable supply of surplus capacity. 
In these cases, the outage duration (short or long-time) 
and the capacity amounts involved are such that the 
event can be timed to occur when the reserve capacity 
available will be suitable for the needs. 

Some outages cannot be so arranged and must be made 
when an insufficient amount of alternative capacity ex- 
ists. These unavoidable outages are often due to nu- 
merous machines to be scheduled during the year, to- 
gether with a lack of surplus capacity and spare facilities. 
In these cases, the first expedient usually applied is the 
uss of the reserve normally provided for unscheduled 
outages. 

\s a rule, some system reserve supply is continuously 
a\ \ilable in satisfactory amounts and locations, e.g., that 
pert furnished by spare capacity and facilities such as 
tr-usformer units, circulating-water-pump and _ boiler 
ca acity, and unused surplus generation on hand for ade- 
qu ite periods. Under these conditions, some outages 
ca be made almost at will at any time and others can be 
m de when convenient during rather lengthy periods, all 
Ww hout adverse effects on required capacity or service 
c tinuity. Typical examples would be outages re- 
red by the unforeseen development of a need that 
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could be delayed for a suitable period, as contrasted with 
unscheduled outages, and routine maintenance outages 
of certain facilities in suitable locations. In all such 
cases, however, the necessary plans can be made, regard- 
less of their extent or the parts of the system organiza- 
tion involved. 

Outages that can be made when convenient, either at 
any time or during certain suitable periods, need to be in- 
cluded only in the work schedule of the maintenance 
forces for completing all anticipated inspection and re- 
pair operations. Inclusion in the system maintenance- 
outage schedule is not necessary as adverse effects on 
needed capacity and service continuity are not involved. 
Such outages might be considered as random scheduled 
outages, since they can be planned in a more or less casual 
manner, at least as far as the system daily operating 
routine is concerned, although they may have material 
effects on the maintenance-force-work schedule. The 
needs of the maintenance-outage schedule are controlling, 
however, as the maintenance-force-work schedule can be 
arranged, under normal conditions, to take maximum ad- 
vantage of all opportunities to complete needed work as 
limited by economic factors. 

Most scheduled outages are made for maintenance, re- 
pair and inspection purposes, as covered by the following 
two maintenance and overhaul categories. However, in 
some cases shutdowns are required for construction pur- 
poses, as covered by the third category. The fourth type 
covers the casual or random shutdowns. 

|. MAINTENANCE OvuTAGE. This term covers the 
routine, and other, scheduled outages needed to provide 
for repair and for repetitive maintenance work, all limited 
in extent and duration and made to improve operation 
and reduce the lengthy shutdowns required for major 
overhaul purposes. 

Typical examples are the outages made for condenser, 
boiler and insulator cleaning, turbine washing, adjust- 
ments like governor speed-droop changes, and repair and 
replacement of certain parts. In many cases, the surplus 
capacity released by the daily or weekly load cycles will 
suffice for a reserve supply for these short-time shut- 
downs. 

2. OVERHAUL OuTaAGE. This term covers the sched- 
uled periodical lengthy shutdowns required for major 
overhaul purposes. Typical examples are those made 
for a turbine opening for complete inspection and over- 
haul, hydro unit dismantling for major overhaul and 
realignment, and others. As a rule, for these long- 
time shutdowns, surplus capacity released by the seasonal 
load cycles furnishes the reserve supply needed, together 
with any spare capacity on hand. 

An important difference between these lengthy outages 
and the above maintenance outages of limited duration is 
the outage time involved. As conditions vary greatly, 
both on and between systems, no general rule can be fol 
lowed for definitely defining the two categories. There 
fore, the controlling factors are those that apply for par- 
ticular systems. 

3. CONSTRUCTION OvuTAGE. This term covers the 
scheduled non-routine outages required to allow the com- 
pletion of system (and other) construction operations not 
connected with the repair of facilities. 
the maintenance and overhaul requirements of the facil- 
ities involved can be scheduled to coincide with the need 
for these outages. In these cases, the resulting outage is 


In some cases, 


45 





usually placed in the scheduled maintenance or overhaul 
category. In many cases, however, the outage must be 
made and scheduled solely for construction purposes and 
is, therefore, placed in the construction category. Typi- 
cal examples would be line shutdowns for relocation pur- 
poses only, and those other construction shutdowns with 
which no other work could be coordinated. 

4+. RANDOM OvTAGES are those included in the main- 
tenance-force-work schedules, like all other scheduled 
outages, but omitted from the system maintenance-out- 
age schedules due to the time during which sufficient re- 
serve will be continuously available, where required. 


C. UNSCHEDULED OuTAGES—This term covers those 
unforeseen non-routine outages for which no effective ad- 
vance notice is available because of the sudden develop- 
ment of a critical need, or cause. Asa result, they either 
are not or cannot be delayed until changes in existing 
schedules can be made for the replacement of the genera- 
tion involved. Therefore, the system reserve on hand 
for unscheduled outages must be used accordingly. 

Unscheduled outages occur or are made, as a rule, to 
reduce interruptions to service and damage to equipment 
and facilities. Included are those immediate outages 
that occur que to automatic and manual removals of 
facilities from service, for due cause, together with those 
occurring because of faulty manual operation of facilities, 
such as switching errors. Also covered are those for 
which a short time delay is allowable before the outage 
must be made. However, this permissible delay is not 
sufficient to allow the outage to be coordinated with the 
system maintenance schedule so that the alternative ca- 
pacity ordinarily used for scheduled outages can be ap- 
plied. In addition, more or less minor outages that do 
not require the use, as replacement capacity, of the re- 
serve normally provided for this outage type are included, 
together with the temporary outages that can be easily 
and quickly eliminated. 

The following four eategories are based on the above 
associated condition, which determine the manner in 
which the outages ordinarily encountered should be 
classified. 


1. Forcep OutaGe. This term covers those output 
reductions resulting from the removal of facilities from 
service with the minimum possible delay. Typical ex- 
amples are the immediate outages that occur due to pro- 
tective-relay operation (including hydro-generator un- 
loadings made regardless of turbine overspeeds), and 
those made as soon as possible because of turbine-blading 
troubles, loss of vacuum or feedwater, failures of boiler 
pressure parts, etc. 

2. EMERGENCY OvuTAGE. This term covers those 
outages that can be slightly delayed, due to controlling 
factors existing at the time. In these cases, the results 
of the conditions causing the need for the outage are such 
that they can be tolerated for a short period before the 
outage must be made, often without any further adverse 
effects. Typical examples are the conditions caused by 
increased turbine back-pressures, reduced steam pres- 
sures, loss of head due to floods, loss of feedwater storage, 
and delayed hydro-unit shutdowns that can be made to 
avoid turbine overspeeds. 

3. Minor OvutacEs are the relatively unimportant 
ones, from a power-supply standpoint only, that occur 
when a reserve-supply surplus is available that approxi- 
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mates the capacity lost. Under such conditions, and is 
far as needed capacity is concerned, such an event would 
-ause little concern as it would not materially reduce the 
amount of reserve needed. Such a surplus of reserve 
often exists for various periods, during normal operation, 
and equipment shutdowns occurring under the above 
conditions are not isolated. As far as system operation 
is concerned, such outages can be considered as having 
minor characteristics, because of their unimportant or 
insignificant effects on the overall system power supply 
necessary at the time. 

4. TEMPORARY OUTAGES. The outages covered by 
this term are the ones that can be quickly eliminated in a 
positive manner. In these cases, the facilities involved 
can be restored to service by manual or automatic means 
without repair work. A typical example is a line outage 
caused by a temporary fault. Another is a turbine 
shutdown made because of a loss of vacuum due to the 
drop out of a starter on a circulating-water-pump motor. 

These outages can be eliminated, in the first case, by 
reclosing tripped breakers only and, in the second case, 
by restarting the circulating-water pump and the as- 
sociated turbine. In both cases, the interruptions in serv- 
ice from the facilities involved are short-time only. 
Little or no repair work is required at the time, obviously, 
although some later repairs and adjustments may be 
necessary. 


D. SPECIAL OUTAGES—Some outages are more com- 
mon than others and most outages can be readily placed 
in the two major classifications described above, either 
prior to the time they are made or shortly after they hap- 
pen. On the other hand, certain outages must be con- 
sidered as special due to the associated exceptional con- 
ditions, e.g., those that cannot be finally classified when 
they occur, the ones that are not often encountered in the 
general run of system operations, etc. This special- 
outage category is illustrated by the following typical 
examples. 

1. COMBINED OR SPLIT OuTAGES. These outages are 
those that involve: (a) no advance notice, and ()) an 
actual duration sufficient to allow the performance of 
planned work previously reserved for scheduled-outage 
periods. Obviously such outages are initially classified 
as unscheduled. if the duration is not extended to cover 
previously scheduled work, the outage remains as un- 
scheduled and is considered to be a combined unsched- 
uled outage. Otherwise, consideration must be given 
to placing the outage in the scheduled class, as advantage 
has been taken of opportunities to previously plan certain 
needed work. 

If the outage duration is so extended, the amount of the 
extension made determines whether it should be finally 
listed as scheduled or unscheduled, or divided between 
the two classifications and considered as a split outage. 
As conditions vary greatly, no definite rule can be fol- 
lowed in such cases. The controlling factors are those 
that apply for specific systems at the times involved. 

2. SECONDARY OuTAGES. These outages are the 
ones that are the indirect result of any outages of asso- 
ciated equipment or facilities. Typical examples would 
be those caused by outages of essential accessory equip- 
ment, such as, a turbine shutdown due to loss of excita- 
tion or vacuum or troubles in the accessory electric 
equipment, and boiler shutdowns due to feedwater-sup- 
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ply failures or troubles in the fuel-handling system. 
Others included are those caused by closely associated 
(but not accessory) equipment such as turbine outages 
due to boiler trouble or maintenance. 

Such outages can be scheduled or unscheduled. Asa 
rule, however, they are unscheduled as maintenance 
plans are arranged for simultaneous work on associated 
equipment, as much as possible, to obtain maximum use 
of the system surplus and spare capacity. 

These outages result in multiple output reductions 
consisting of both the initial primary outage and the re- 
sulting subsequent secondary outage. One may be 
partial and the other total, e.g., the loss of one boiler in a 
two-boiler layout resulting in a total primary boiler out- 
age and a partial secondary turbine outage. 

3. REPEATED OUTAGES. In some cases, due to favor- 
able conditions, several consecutive or repeated sched- 
uled outages for the same purpose can be arranged to 
provide for the completion of repair or maintenance, 
thereby reducing at suitable times the aggregate demands 
on the system reserve supply for scheduled work. In 
these cases, each instance is considered as a separate 
outage regardless of the interval between them, although 
a common need or cause applies to each outage. In- 
cluded are the shutdowns for repairs when the work can 
be stopped on notice and the facilities replaced in service, 
without delay due to the work involved. 

!. SIMULTANEOUS OUTAGES can be both scheduled 
and unscheduled. For unscheduled outages in particu- 
lar, this term should be restricted to multiple outages 
that occur at the same time, i.e., those that are really 
simultaneous. It has been applied, in certain cases, to 
subsequent outages that have occurred before previous 
ones had been eliminated, almost regardless of the time 
interval between them. This qualification was based, 
apparently, on the fact that the subsequent outages hap- 
pened before the previous ones could be eliminated. Such 
conditions do not place multiple outages in this category, 
as the length of time between their occurrence is best 
criterion. 

The question naturally arises as to the interval actu- 
ally covered by the same-time restriction. Obviously, 
the coverage includes multiple outages occurring at the 
same instant. For all practical purposes, however, it 
also includes those with a short-time interval between 
them, e.g., a number of cycles (if and when such short 
times can be determined or estimated) or, in some cases, 
afew seconds. It is apparent that no general rule can be 
applied to specify the maximum actual time intervals 
between such unscheduled outages that will not remove 
them from this category. Operating conditions and 
general conceptions associated with particular systems 
will govern this specification. 

Outages of the above described Secondary type may or 
may not be simultaneous outages, in addition. This de- 
pends upon whether the actual period between the pri- 
mary and secondary outages involved in such an oc- 
currence is within the time-interval limit in use. 

». REDUCED-ENERGY OUTAGES. Important markets 
for the energy that can be generated by surplus and spare 
Capacity are not unusual. Typical examples of such 
loads are the off-peak demands of pumped-storage hydro 
plants, and certain industrial water-heating loads. Simi- 
lar examples of such energy sources are steam-electric 
Capacity released by the load cycles, and surplus hydro 
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capacity available during periods of above normal stream 
flow. 

Outages of such capacity result in a loss of usable en- 
ergy production, without a corresponding reduction in 
the system capacity required, at the time, for load- 
carrying and reserve service. Outages of this type are 
unscheduled, as a rule. They differ from the minor un- 
scheduled outages previously defined, primarily because 
of the associated loss of a kilowatt-hour supply and the 
revenue that would have been earned at the time. 

6. EXTENDED (LONG-TIME) OUTAGES. Certain 
power-supply reductions materialize that cover very ex- 
tended periods until corrective measures can be applied to 
eliminate the trouble. In these cases, the problem is to 
decide whether the reduction should be considered as an 
exceptional outage, or as a power-supply deficiency, 
caused by contingencies beyond control by the system, 
that should be provided for in the system capacity-ex- 
tension program. 

The reduction can be considered as an outage if its ef- 
fects can, and probably will, be eliminated in time to 
avoid unreasonably adverse power-supply conditions. 
Typical examples would be shutdowns caused by failures 
or accidents resulting in extensive damage to facilities 
that could be repaired in time, or power-supply reduc- 
tions due to uncontrollable extraneous factors, such as 
adverse stream-flow conditions caused by a series of 
floods, reoccurring gas-fuel curtailments during cold- 
weather periods, and others. 

On the other hand, when material system additions 
must be made to avoid consequent adverse effects on the 
total system power supply, the reduction should not be 
considered as an outage with, maybe, special features, 
but as a power-supply deficiency that has not been pro- 
vided for in the system-development plan. Examples of 
such conditions, typical of extraneous factors, would be 
continuing excessive fuel curtailments with no relief in 
sight, and unanticipated stream-flow deficiencies that 
might be expected to reoccur. Other examples, typical 
of inherent conditions, are the development of those ef- 
fective plant-output bottlenecks, the elimination of which 
cannot be reasonably anticipated without system 1im- 
provements. 

7. OTHER SPECIAL-OuTAGE Types. Under certain 
conditions, other special-outage types will occur or will 
be required for one reason or another. Typical examples 
are: (@) outages that result in customer-service interrup- 
tions only; (6) those that result in any loss of load; (c) 
outage types for use in comparing the performances of 
various makes and types of equipment; (d) others for 
use in evaluating the effectiveness of preventative-main- 
tenance practices; (e) plant shutdowns or output reduc- 
tions due to extraneous factors, instead of trouble or work 
in the station, and (f) outages that are in between the 
definite scheduled and unscheduled types, due to the 
advance notice and allowable scheduling involved. 

Because of the many different circumstances that can 
and do exist, a comprehensive special-outage list for gen- 
eral use is not practical. Operating conditions encoun- 
tered, together with the scope and general purpose of the 
outage classification used, will determine the special- 
outage lists needed for particular systems. Obviously, 
in many cases, these outage types will be more or less 
common, instead of special, from the standpoint of the 
system involved. 
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Above —100,000X enlargement of latex spheres used to, calibrate 

electron microscope in Nalco Laboratories. Actual diameter of 

spheres is 0.25 microns—.00000975 inches! Right—Inserting speci- 
men holder in vacuum chamber of Nalco electron microscope. 


... How they assist research 
toward better Water Treatment 


PERHAPS even too small to make good marbles for 
microbes, these tiny spheres help Nalco Scientists in 
their investigations of the microscopic realms of matter 
only recently made visible to the human eye by the 
electron microscope. 


Use of the electron microscope in water treatment re- 
search is significant because it typifies the continuing 
efforts of the entire Nalco organization to keep the 
Nalco System representative of the first and best in all 
phases of modern industrial water treatment. 


“lier WATER TECHS 


New reprint of A.S.M.E. Paper No. 52-A-30: 


Experimental Studies of Boiler Tube Metal Tem- 





If you are not already participating in the economy 
and efficiency of the Nalco System in your plant, write 
for details on real water treatment security today. 
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PRECIPITATORS 








The following is abridged from a more 
extensive paper presented at the 1953 AIEE 
Winter General Meeting in New York. It 
outlines the principles of an electrostatic 
precipitator, discusses the composition and 
characteristics of fly ash, reviews precipita- 
tion design and touches upon combination 
mechanical and electrostatic collectors. 


pplication of electrostatic precipitation to the fly- 

ash removal problem is almost as old as the use of 

pulverized coal in the power-generation field. The 
first pulverized-coal-fired power boiler in America was 
installed in 1919, while the first electrostatic precipitator 
applied to the collection of fly ash went into service only 
four years later. Since then electrical precipitation has 
become established as a standard and effective means of 
dealing with the fly-ash problem as witnessed by the fact 
that more than 500 installations have now been made in 
this country. 

The extent of the fly-ash problem is strikingly shown 
by figures on pulverized coal burned by the utilities 
which in 1948 amounted to over 65,000,000 tons. The 
corresponding fly-ash quantity that could be emitted 
would be about 6,000,000 tons annually, assuming an 
average ash content of about ten per cent. The general 
problem of fly-ash emission may be further illustrated by 
considering a large modern boiler producing, for example, 
1,000,000 Ib of steam per hour. Such a boiler will ex- 
haust flue gas at the rate of about 500,000 cfm at a tem- 
perature of about 300 F. Using a typical average figure 
for fly-ash concentration of 2 grains per cubic foot, the 
dust emitted from the furnace will amount to about 140 
lb per min, or 100 tons per day. In order to deal effec- 
tively with this problem, collecting equipment must be 
provided to continuously clean 500,000 cfm of hot flue 
gas with an efficiency of 90 per cent or over, and with ash- 
disposal arrangements for some 100 tons per day. 

\lany cities now have ordinances to regulate smoke 
and dust conditions, and the ASME has prepared ex- 
aniple sections for smoke regulation ordinances, looking 
toward realistic and economically possible control. In 
gercral terms, the ASME Code states a maximum figure 
for dust emission of 0.85 Ib per 1000 Ib of gas (equivalent 
to :bout 0.3 grain per cu ft at 300 F), adjusted to 50 per 
cet excess air, and a maximum required collector effi- 
chncy of 85 per cent. Utilities have provided collection 
ej;upment giving performances well above these stand- 
ars. Specified efficiencies of new equipment have 
cli bed steadily, with many present-day precipitator in- 
lations providing efficiencies as high as 9S per cent. 


Si 
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Operating Principles 


In an electrostatic precipitator, gas containing parti- 
cles in suspension is passed between highly charged elec 
trodes. Electric forces act on individual particles and 
cause them to be collected on the electrode surfaces. The 
rate of particle collection and the effectiveness of the proc- 
ess increase in direct proportion to the strength of these 
electric or Coulomb forces. Basically, such a precipita- 
tor must provide two essential functions: first, the sus 
pended particles must be given an electric charge, and 
second they must be subjected to a strong electric field to 
insure their effective removal from the gas stream. 

In practice, electric charging of the particles is accom- 
plished by means of ions produced in the d-c corona dis 
charge. The collection of the charged particles may also 
be effected by the corona field, in which case the precipi- 
tator is known as a single-stage, or Cottrell precipitator. 
Or the collection may be effected by passing the charged 
particles between condenser plates with no corona dis- 
charge present. In the latter case the precipitator is de 
scribed as a two-stage type because the charging and col- 
lection are carried out in two separate stages. The Cot- 
trell type precipitator has proved superior for industrial 
gas cleaning. The two-stage type is used primarily for 
air-cleaning applications where the amounts of ozone and 
oxides of nitrogen which are unavoidably produced in 
the corona discharge must be held to very low values. 


Fly Ash and Furnace Gas Characteristics 


Both the basic and practical precipitator design fac 
tors for any given application are determined primarily 
by the properties of the gas and of the dust to be treated 
in the precipitators. Thus, the corona and sparking 
characteristics which determine the maximum fields are 
functions of the dielectric properties of the gas and of the 
resistivity properties of the dust, while the gas viscosity 
and the particle size of the dust are inherent physical 
properties of the gas and dust respectively. 


FURNACE GASES 


The furnace gases comprise the original nitrogen and 
water vapor contained in the air plus the products of 
combustion, chiefly CO, and water vapor. Typical 
composition ranges, as determined after the air pre 
heater are: 


Per Cent 


Ne wi 

On. tto 5 
CO, 12 to 15 
H.O t to 10 


In addition, there are small quantities of SO,, of the 
order of 0.1 per cent, and of SOs, of the order of 0.001 per 
cent. 
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The flue-gas temperature at the precipitator inlet 
ranges between about 250 and 450 F, with 300 to 350 F 
being the most common range. Moisture content and 
dewpoint of the gas depend primarily on the volatile in 
the coal. However, it is important that trace quantities 
of SO; present in the gas tend to raise the dewpoint by 
appreciable amounts. The presence of SO; also influ- 
ences the electrical resistivity of the ash. In precipitator 
operation it is essential that temperatures be maintained 
considerably above the dewpoint to avoid corrosion dif- 
ficulties. 

Corona and electrical operating characteristics are 
strongly influenced by the flue-gas properties, particu- 
larly by the amounts of water vapor, CO, and SO; present. 
Since the amounts of these gases produced in the furnace 
vary considerably with the type of coal and with furnace 
operating conditions, it is not surprising that the elec- 
trical characteristics of precipitators also vary widely 
from job to job. 

The amount of combustion gas produced in a furnace 
is approximately 12 to 15 1b per pound of coal burned, or, 
in relation to the amount of steam, about 1.35 lb of com- 
bustion gas per pound of steam generated. Thus, for a 
large boiler producing 1,000,000 lb of steam per hour the 
combustion gas would be 22,500 Ib per min, or about 420,- 
000 cfm at 300 F. Air inleakage through the air pre- 
heater, gas flues or furnace walls may materially increase 
the amount of gas reaching the precipitator. 


COMPOSITION OF FLy ASH 


Fly ash originates from the inert, inorganic, residue 
from the pulverized coal particles together with varying 
amounts of carbon or coke present as the result of incom- 
plete combustion. In general, the inorganic or true ash- 
particles are comprised primarily of silicates, oxides and 
sulfates, together with small quantities of phosphates and 
many other compounds present in trace quantities. 

The Bureau of Mines lists 21 metals present in ashes 
from American coals, ranging from arsenic to zirconium. 

More than about 10 per cent of carbon in the fly ash 
may be disadvantageous from the standpoint of electrical 
precipitation. The difficulty is not due to the carbon 
itself, but to the drifting nature of the relatively large 
porous coke particles with which the carbon is associated. 
Excessive carbon is also a disadvantage in the utilization 
of fly ash, particularly where it is to be used as a pozzolan 
in cement replacement. 


PARTICLE SIZE AND SHAPE 


Observations on fly ash made by means of optical and 
electron microscopes show particles present from below 
0.01 micron diameter to over 100 microns. Particle 
shape is heterogenous and variable. Microscopic exam- 
ination shows the presence of small, hollow, and fre- 
quently transparent or translucent spheres; broken frag- 
ments of these spheres; flakes; opaque, irregular parti- 
cles ranging from pink to brown and black; fused 
agglomerations of small particles; and large irregular 
porous and partially burned gritty particles. 

Specific gravity of fly ash varies not only from sample 
to sample but also for different particles of the same sam- 
ple. Values of average density, as determined by a pyc- 
nometer method, usually lie between 2.0 and 2.7, al 
though these figures do not include the extreme range 
possible. 
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The translucent, hollow spheres, which are characteris- 
tically present in most fly ash, usually range in size from 
below one micron up to about 44 microns. The irrey 
ular-shaped carbon particles generally range from 10 to 
over 300 microns. These vary in shape from slivers to 
highly irregular sponge and lace-like material and are 
commonly referred to as grit. The effective density of 
grit particles is relatively low, or only about one-third 
that of the fly ash asa whole. The low density and large 
size of the grit particles accounts for the difficulty some- 
times encountered in retaining them in precipitators. 
However, it is important to note that this drifting tend 
ency of the gritty particles results from physical charac- 
teristics of the particles themselves and is not fundamen- 
tal to the precipitator, as has sometimes been asserted. 


Electrical Resistivity 


In the operation of a precipitator the suspended ash 
particles are driven to the collecting electrode surfaces 
where they build up to form layers usually from '/ to ' 
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Fig. 1—Illustrating corona discharge with dust layer on 
collecting plate—(a) is —— sketch and (b) potential dis- 
tribution 


in. thick. The corona current from the high-tension 
wires must pass through these layers to reach the 
grounded collecting plates as illustrated in Fig. 1. Thus 
a certain voltage will be built up across the collected dust 
layer in accordance with Ohm's Law. 

Theory, experiment and field experience all indicate 
that when the dust resistivity exceeds a critical maximum 
value of about 2 X 10" ohm-cm, the precipitator opera- 
tion will tend to become subnormal due to the onset of in- 
tensified sparking caused by the high resistance ash on 
the collecting surfaces. This critical value of resistivity 
is not sharp but rather is representative of a diffused or 
penumbral region in which precipitator sparking increases 
and performance tends to fall off. 

Chemical compounds which in small quantities greatly 
reduce dust resistivity are designated ‘conditioning 
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igents’’ and have long been used in electrical precipita- 
tion. Such compounds are specific for each type of dust. 
kkesearch has disclosed the effectiveness of SO; for fly-ash 
conditioning. It appears that the traces of SO; na- 
turally present in boiler gases are adequate in most cases 
to maintain the bulk resistivity of the ash below the criti- 
cal value of 2 X 10" ohm-cm. The troublesome higher 
resistivity ashes occasionally encountered are the result 
of unusually low natural SO; content. Artificial addition 
of SOs in operating installations has substantiated lab- 
oratory findings on this point in that it is possible to 
greatly reduce sparking and substantially increase effi- 
ciency by the addition of very small percentages of SO, 
to the flue gas ahead of the precipitator. 

Research has indicated further that the electrical con- 
ductivity of fly-ash particles is closely associated with the 
adsorption of SO; on the particle surfaces. This adsorbed 
SO; is present as water-soluble sulfates, usually of the 
alkali earths, such as calcium, sodium and potassium. 
It is occasionally found that with ashes containing very 
low sulfates the conditioning effect is primarily deter- 
mined by the carbon or combustible content of the ash. 
These cases are rare, however. 


Precipitator Design 


Precipitator design is broadly determined by two fac 
tors: first, the total effective area of the collecting elec- 
trodes, which essentially determines the physical size of 
the precipitator; and second, the corona and sparking 
characteristics of the electrode system, which determine 
the amount and size of high-voltage rectifier equipment 
required. In addition to specified values of precipitator 
cleaning efficiency and gas current to be treated, the fol- 
lowing operating factors must be considered: 


t. Temperature, pressure and dewpoint of gas, 

b. Type of coal and amount of ash, 

Type of furnace and furnace operating conditions, 

d. Maximum permissible draft loss and possibility of 
overload gas flow conditions, 

e. Available installation space. 


~ 


One of the most important requirements of precipita- 
tor design is that of reliability. 


MECHANICAL DESIGN 


Electrostatic precipitators are usually large compared 
to other power auxiliaries and frequently more space is 
required than can be conveniently allocated. The re- 
sulting tendency to compromise on size sometimes has led 
to unfavorable operating experience, particularly in those 
cases where the boiler and precipitator continuously 
operate well above design capacity. 

Although most precipitator installations have been 
located on the roofs of power houses, the recent trend has 
been toward ground-level locations, either indoors or out- 
doors. Except for outdoor ground-level locations, few 
arrangements lend themselves to later precipitator ex- 
pansion which may become necessary because of in- 
creased gas volume or the need for improved collection 
efficiency. 

Fly-ash precipitators generally are of the duct-type 
with horizontal gas flow. Duct width is a compromise 
between providing the largest possible number of col- 
leeting plates in a shell and ability to maintain adequate 
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electrode ridigity and dust build-up space. A duct width 
of 8 in. has been most commonly used, and appears to rep 
resent the best compromise. 

The basic precipitator shell dimensions are determined 
by the maximum permissible gas velocity in the precipita- 
tion zones and by the total collecting electrode area nec- 
essary to obtain the required cleaning efficiency. In 
practice, the practical dimensions for the active precipi- 
tation zones in fly-ash precipitators have been 15 to 20 
ftin height and 12 to 24 ft in length in the direction of the 
gas flow. The most usual location is between the outlet 
of the air preheater and the inlet of the induced-draft 
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Fig. 2.—Basic structure of a typical fly-ash electrostatic 
precipitator 


fan, although there are some installations in which the 
precipitator is placed immediately after the induced- 
draft fan. 

The basic precipitator structure is illustrated in Fig. 2 
in which the essential parts are the high-tension frame 
and corona wires, the collecting plates, the enclosing shell 
and supporting frame, the hoppers and the electrode rap- 
pers. 


ELECTRODES 


The corona discharge electrodes are usually round steel 
wires of about 0.1 in. diameter, or equivalent twisted- 
square wires, hung in the ducts about 6 in. apart. The 
discharge wire support frame is suspended from porcelain 
insulators mounted in suitable housings on top of the 
precipitator shell. Tile bushings are used to seal the in- 
sulator compartments from the dust and gas stream, so- 
that only infrequent insulator cleaning is required. 
Electrical connections to the high-voltage rectifiers may 
be made by high-tension cables, or the rectifiers may be 
mounted on, or adjacent to, the precipitator itself, with- 
out the use of cables. 

Collecting electrodes have taken various forms, such as 
concrete plates, perforated or expanded metal plates, V- 
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plates, rod curtains, and various hollow electrodes with 
pocket arrangements on the outside surface for conduct- 
ing the precipitated dust to the hoppers in quiescent gas 
Concrete-plate collecting electrodes were used in 
the early type of fly-ash precipitators, but were abandoned 
in 1937 because of excessive costs and weights relative 
to fabricated metal electrodes. Smooth plates usually 
are not suitable for fly-ash collecting because of the tend- 
ency of the gas stream to re-entrain the collected ash 
from the unprotected plate surfaces. The perforated- 
or expanded-metal plates provide a multiplicity of close- 
spaced holes which hold the ash, while the end baffles on 
the plates shield the perforated surfaces from the direct 
scouring action of the gas. The V, or chevron plate, is 
comprised of V-shaped vertical members which form a 
series of shielded-pocket spaces between the electrodes 
for collection and retention of the ash. 

The hollow, or pocket-type electrodes are attractive in 
principle but in practice it has been found that a large 
proportion of the dust actually falls on the outside of the 
plates. Also much of the dust collected in the upper 
openings actually escapes to the outside through the 
lower openings because of the piston action of the falling 
dust. Another disadvantage of these plates is that they 
occupy more space. 


zones. 


Gas FLow 


Gas flow in precipitators is always turbulent. The 
smooth, laminar flow characteristic of viscous fluids, such 
as oils, is seldom encountered with gases. Although tur- 
bulent gas flow may be regarded as detrimental, it is in- 
herent and unavoidable and the best that can be done is 
to keep the degree of turbulence as low as possible. 

Fly-ash precipitator gas flow problems usually start at 
the outlet of the air heater rather than at the inlet of the 
collector. It is not usually practical to adjust the gas 
flow pattern after the gases have entered the precipitator, 
so that means for providing the uniformity of gas distri- 
bution essential to optimum performance are normally 
provided in the flue connection between air heater and 
precipitator. 

In general, the basic gas flow problem is to reduce the 
incoming gas velocity uniformly from the 25 to 50 fps 
normally existing in the flue to the 5 to 10 fps required in 
the precipitator, and to accomplish this with a minimum 
of turbulence and eddying. This involves expansion of 
the gas stream and transformation of the excess kinetic 
energy, preferably into potential energy, or if necessary 
into frictional loss. 


RAPPERS 


Deposits are usually dislodged by mechanically jarring 
or vibrating the electrodes, a process referred to as ‘‘rap- 
ping.’’ In some fly-ash precipitator applications, particles 
tend to build up on the discharge electrodes as well as on 
the collecting electrodes, and this may occur to such an 
extent that the corona discharge is choked off and precipi- 
tation efficiency falls. In these cases it is necessary to 
provide effective rapping means for both the discharge 
and collecting electrodes. Far from being a minor ad- 
junct in electrical precipitation, rapping is of the utmost 
importance in determining overall performance and has 
been one of the difficult problems. A satisfactory rap- 
ping system is characterized by a high degree of reli- 
ability, by ability to maintain uniform and closely con- 
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trolled raps over long periods without attention and | 
flexible and easily controlled rapping intensity. 

With the trend toward higher efficiencies and clean r 
stacks, the clouding and puffs associated with intermi 
tent rapping of electrodes have become increasingly o! 
jectionable, even though it may be demonstrated that the 
dust loss during rapping will reduce overall efficiency by 
only 2 or 3 per cent, or less. The psychological effect on 
the public of such clouding and puffs can scarcely be 
countered by technical arguments, and the only satis- 
factory solution is to eliminate them altogether. It is 
our conclusion, that continuous rapping of closely con- 
trolled intensity is the most satisfactory answer to the 
problem. 

Most of the rapper systems of the past have been based 
on mechanical or pneumatic operating principles and 
suffered from certain inherent limitations and disadvan- 
tages, such as inflexibility and inability to stand up under 
field conditions involving moisture, dirt and corrosive 
atmosphere. Recently, however, there has been intro- 
duced a magnetic impulse rapper system based on elec- 
tric and magnetic principles and free of many of the ob- 
jections of earlier systems. 


Electrical Energization 


Successful precipitator performance depends basically 
upon establishing and maintaining the proper degree of 
electrical energization. 

In large precipitators, the corona electrodes are always 
subdivided into several groups or sections and the individ- 
ual sections separately energized from individual recti- 
fier sets. This arrangement is necessary in order to avoid 
the deleterious effects of preicpitator sparking and of 
equipment outages, and to meet the uneven electrical 
conditions imposed by stratification of the gas stream 
which frequently occurs and which at present is usually 
unpredictable. The amount of electrode sectionaliza- 
tion used in any given case is a function of precipitator 
size and of rectifier equipment costs. 

Industrial precipitator performance is superior when 
energized with pulsating rather than with direct volt- 
ages. This result has been confirmed by many years of 
experience, so that unfiltered rectified voltages are uni- 
versally used in industrial precipitation practice. 

Typical operating voltages for fly-ash precipitators of 
S-in spacing range between 40 and 55 kv, with the higher 
values indicative of better adjustment and performance. 
Corona currents usually lie between 10 and 30 milliam- 
peres per 1000 ft of discharge wire, while the average elec- 
trical power supplied to the corona commonly ranges 
between 40 and 120 watts per 1000 cfm of gas treated. 
In general, the higher voltages and powers will provide 
higher precipitator efficiency and performance. 


ITigh- Voltage Rectifier Sets 


The general requirements for precipitation rectifier 
equipment are: adequate voltage and current capacity, 
high degree of reliability, ability to operate under heavy 
sparking conditions and long life and conservative rat- 
ings to permit operation under rather high ambient tem- 
peratures which frequently reach 50 or 60 C. 

There is no evidence to indicate that the type of recti- 
fier used has any significant influence upon the basic pe! 
formance. Thus, synchronous-mechanical, electron-tube 
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ait metallic rectifiers all provide substantially the same 
performance. Synchronous-mechanical rectifiers were 
uscd almost exclusively in the fly-ash field prior to 1945, 
and in spite of some obvious disadvantages have a record 
ol reliable and satisfactory performance. Metallic rec- 
tillers, although used to a considerable extent abroad, 
have as yet found only limited use in this country because 
ol their relatively high initial cost. The present trend 
appears to be toward vacuum-tube rectifiers, which pro 
vide many advantages at reasonable costs. 

Large fly-ash precipitators treating up to 500,000 cfm 
or more generally require at least three rectifier sets and 
may use as Many as six or eight. 

Recent research has shown that, contrary to earlier 
ideas, optimum collection efficiency for fly-ash precipi- 
tators is usually obtained with precipitator voltages set 
high enough to produce a substantial amount of spark- 
ing. The optimum degree of sparking depends upon 
many factors, such as precipitator size, ash concentra- 
tion and ash resistivity, and in order of magnitude is fre- 
quently about 100 sparks per minute per precipitator 
section. Pronounced improvements in precipitator per- 
formance have resulted from readjustment of voltages to 
conform to these new results. 

A number of methods have been used for rating precipt- 
tation rectifier equipment, but the most useful and sig- 
nificant method appears to be to specify the peak voltage, 
l’,, the average current, I,,., and the average power out- 
put, P.., of the set. The average power input to the 
precipitator may be conveniently calculated by the ap- 
proximate formula 


Pas = ‘ - Te 


where, in addition to the quantities already defined, V 

minimum value of the precipitator voltage wave. 
This formula gives values accurate to about 5 per cent, 
which is close enough for most purposes. 


Combination Mechanical and Electrostatic Collectors 


Although combination mechanical-electrostatic gas- 
cleaning systems have been used successfully for thirty 
years Or more in a number of fields, including carbon 
black collection, for example, their application to fly ash 
dates only from about 1946. Several types of mechani- 
cal collectors have been used for this service, including 
small-diameter cyclones or centrifugal separators, skim- 
mer-type cyclones and various inertial cone and louver- 
type separators. Combination collectors may be ar- 
ranged with the mechanical unit either preceding or fol- 
lowing the precipitator, but in certain applications one 
tvpe of arrangement may be preferred over the other. 
(Sood results have been obtained with both arrangements. 

Che required operating power for mechanical collec- 
tors is supplied indirectly by the station fans or blowers, 
and appears immediately in the form of draft loss across 
the collectors and ultimately in frictional heating of the 
gos stream. 

Che most important technical arguments which have 
been advanced in favor of combination collectors are: 

combination units provide complementary large- 

d fine-particle collection characteristics, (2) their ef- 
 ieney characteristics with variable gas flow are also 
©‘ mplementary and more uniform, (3) improved gas 
! w distribution to the precipitator is obtained when a 
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close-coupled mechanical collector is used ahead of the 
precipitator and (4) in the event of failure of some of the 
precipitator sections there will always be some collection 
with the mechanical collector. 

Arguments cited against the use of combiration col- 
lectors include: (1) mechanical collectors inherently have 
high draft losses and therefore are more expensive to 
operate and involve higher capitalization charges than 
straight electrostatic collectors, (2) with a mechanical 
collector ahead of the precipitator, removal of the ash 
from the precipitator plates is more difficult, and it usually 
becomes necessary to provide rappers for the corona 
wires, and (3) mechanical collectors are subject to plug 
ging when boilers are fired with oil due to formation of 
sticky ash deposits. At present the use of combination 
units for fly-ash collection seems to be in part a matter of 
personal opinion or preference. 


Basic Information Required 


Because fly-ash precipitator design and performance 
involves a number of important factors and conditions 
which are external to the precipitator itself, it may prove 
helpful to summarize the information which should be 
made available in specifying new precipitators. These 
data are: 


Precipitator collection efficiency. 

Normal precipitator gas flow or cfm rating. 

Maximum precipitator gas flow or cfm rating. 

Steam flow or boiler load rating. 

Precipitator gas temperature. 

Permissible draft loss in precipitator. 

Type of coal and per cent of ash. 

Particle size and maximum per cent combustible ex 
pected in ash. 

Type of furnace and type of burners. 

Type of air preheater. 

Precipitator location in generating station. 

Layout of connecting gas flues. 


The value of such information to the precipitator de- 
signer, and the advantages accruing to the user, may be 
appreciated when it is considered that furnace operating 
conditions, fly-ash characteristics and permissible stack 
emission conditions all may vary widely from plant to 
plant, and that best precipitator performance depends on 
tailoring the design to meet the individual conditions. 
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Facts and Figures 
Commercial speeds up to 180,000 rpm have been 
attained with a-c motors. 
* 
Fission must take place at the rate of 3.1 X 10" per 


second to produce one watt of power. 









mercury actuated Dial Thermometers e 
now in three types to suit any requirements The average man at hard labor will work at the rate of 
about one-tenth horsepower. 
= 
>” The railroads are said to collect over a billion dollars 
yh a ~~ X annually for carrying bituminous coal. 
140 aS \ . 
Rigid Stem Dial 160 A, The United States possesses more than 40 per cent of 
a LMER 4‘ | the world’s installed power capacity 
4 aoe 9 inatelie rer capacity. 
Rigid stem tapered 1i80~= _— 
bulb, interchange- * 


able with standard 
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mometer separable 
socket. 


Sweden last year put into service a 380,000-volt trans- 
5 mission line which extends from the Harspranget Station 
240 ) in the North to southern Sweden. 
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One-fifth of all the bituminous coal produced in the 
United States comes from Pennsylvania. 
a 
Electrostatic precipitators employ peak voltage rang- 
ing from 70 to 100 kv. 








€ 
What is said to be the highest lift belt conveyor raises 
coal 862 ft vertically in 3167 ft in a single 16-deg flight at 
the Orient No. 3 mine in southern Illinois. 
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Wall mounted dial ther- 
mometer with flexible 
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adjustable to easy read- 
ing position. & 

With approximately seven per cent of the world’s 


population the United States produces over sixty per cent 


; ah \ » of the world’s annual petroleum output. 
d j pf d ie oe Steam air preheaters were considered over ninety years 
DET dite end ence tenho rotated ago when James Howden took out a patent abroad for use 
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Dial Thermometer * 

Flush mounted style for ag | Paley © The natural gas industry has expanded fourfold in the 
panel mounting with a J 
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For details on the New Palmer ews 
All three types have jg Thermometer, please write {| ~ ===> 


a full 41%" dial Face 4. paimer Bulletin 51-129. " . | 


Since the end of World War II, more than a billion 
pounds of steam generating capacity has been sold by 
for accuracy: Mercury actuated... Fully Compensated by Invar Com. | manufacturers of power boilers. 
pensation. Guaranteed Accurate 1 scale division. 


for angularity: Can be adjusted to most readable position at any d 
angle desired. The National Bureau of Standards has found that 
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as they are interchangeable for Dial or Industrial type Thermometers, . 
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peepee = The safe minimum metal temperature for air pre- 
. py " poner _ ll heaters, in order to avoid risk of corrosion with fuels con 
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NORWOOD AVE., CINCINNATI 12, 0, taining sulfur, is generally lower with pulverized co 
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New Steam Table Up to 700 C 


By DIP.-ING. H. ERYTHROPEL 
Essen, Germany 


In the November 1952 issue of the Ger- 
man publication Zeitschrift, VDI, there 
appeared a comparison of steam tables 
published in various countries. These 
included the familiar American Keenan 
& Keyes steam tables of 1943, the Japan 
Society of Mechanical Engineers tables of 
1950, the German tables by W. Koch of 
1952 and a set of Russian tables prepared 
by M. P. Wukalowitsch in 1951. The last 
mentioned are said to be the first steam 
tables based upon experimental measures 


up to 600 C, 300 kg per sq in (1112 F, 4266 
psia) and calculated to 700 C (1292 F). 


O evaluate thermal calculations in water vapor 

processes, it is necessary to know the properties of 

water and water vapor on which they are based. 
One should therefore have a clear understanding about 
the steam tables used in various countries and their 
discrepancies. For this reason the results of studies on 
the properties of water and water vapor were considered 
from time to time at international steam-table confer- 
ences, establishing standards and tolerances in form of 
skeleton tables from which the reliability of a steam 
table could be judged. Such international conferences 
were held in July 1929, June 1930 and September 1954. 
The last conference established the standards and tol- 
erances for water and water vapor in the saturated state 
up to 374 C and 252.22 kg per sq em (705 F, 3580 psia) 
for the specific volume of superheated steam up to 
990 C and 400 kg per sq em (1022 F, 5688 psia) and for 
the enthalpy up to 550 C and 300 kg per sq em (1022 F, 
1266 psia). Within the tolerance system provided 
there remained a field of variation for establishing the 
equations from which complete steam tables could be 
calculated. 

Fig. 1 shows the variation of enthalpy values for 
superheated steam of 500 C (932 F) from the tolerances 
established at the last steam table conference over a 
pressure range from 1 to 300 kg per sq cm (14.22 to 
266 psia). No further steam table conferences have 
been held since international cooperation was inter- 
rupted by World War II. Consequently new test results 
which may be available in various countries have not 
heen generally compared, and no new standards have 
heen established. This is all the more regrettable 
hecause there has been increased use of Jhigher steam 
‘emperatures in the development of steam power, es- 


* Translated by W. W. Schroedter, Combustion Engineering-Superheater, 
1c 
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pecially during the last few years, thus adding to the 
need for establishing the thermal properties over a 
wider range. 

In order to arrive at practical values in the mean- 
time however, the standards established in 1934 were 
extrapolated without checking their accuracy with the 
results of more recent tests. 

With this in mind it is interesting to study up the steam 
tables used in various countries today and to compare 
them, especially in the range of high temperatures. The 
steam tables available for this comparison are listed in 
Table 1, together with their range of validity. The 


‘| -—-—— Allowable tolerance 
keal/kg British Steam Table 
-- German Steam Table 
-—-— Japanese Steam Table 
picnbssqtiin Russian Steam Table 
- American Steen Table 
r ¥ £ ‘ re ’ “<4 





1934 











Variation from standards 


of skeleton table of 


e 




















2 3 $567890 2 30% 60 00 200 300 
Pressure - kg per sq cm abs 
Fig. 1.—Enthalpy variation in different steam tables for 


steam at 500 C (932 F) compared to the standards to the 
skeleton table of 1934 


Variation in plus or minus kcal/kg versus pressure in kg per sq cm Zero 
line is established standard. Shaded line shows permissible tolerance limit 


values of the enthalpy and specific volume of super- 
heated steam in the range of high pressures and tem- 
peratures are of major importance as far as engineering 
calculations are concerned. Although the values for 
the specific volume in each steam table, shown in Table 


TABLE 1—RANGE COVERED BY AVAILABLE STEAM TABLES 


Thermal Properties of Steam 


—up to — 
Temperature, Pressure, 
Country Date deg F Psia 
England 1949 1000 3200 
Germany 1952 1022 $267 
Japan 1951 1112 4267 
Russia 1951 1292 4267 
United States 1943 1600 5504 


2, show little discrepancy up to temperature as high as 
700 C (1292 F,) the values of enthalpy spread consid- 
erably in high pressures and temperatures as shown in 
Table 3. 

These variations will have little influence in calculat- 
ing condensing plants, but they may assume some im- 
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t 0, 
ke/sq em ; ___Temperature Cc 7 : a 
abs 500 520 540 560 580 600 620 640 660 6380 700 
o 3.635 3,729 3,824 3,918 4,012 4,107 4,201 4,295 4,390 4,404 4,573 
1 i 833.4 843,6 854,0 864,4 874,8 885,3 895.8 906,4 917,2 928,0 938,8 
8 2,1123 2,1254 2,1383 2.1509 2,1633 2,1755 2,187 2,1992 2.2108 2,2222 2,2335 
v 0,7248 0,7439 0,7629 0,7819 0,8009 0,8198 0,8388 0.8577 0.8766 0,8956 0,9145 
5 i 832,4 842,7 853,1 863,5 $74,0 884,6 895,2 905.9 916.6 927.4 938 ,2 
® 1,9339 1,9472 1,9601 1,9728 1,9853 1,9976 2,0096 2.0214 2,0330 2,0444 2.0558 
v 0,3611 0,3707 0,3803 0,3899 0,3994 0,4090 0,4185 0,4281 0,4376 0.4471 0.4566 
10 i 831,2 841,6 852,0 862,5 a 1 883,7 894.4 905,1 915,9 926,7 937.6 
8 1,8563 1,8697 1,8828 1.8956 1,9081 1,9204 1.9325 1,0444 1,9560 1,9675 1.9789 
v 0,2398 0,2463 0,2527 0,2592 0,2656 0,2720 0.2784 0,2848 0,2912 0,2975 0,3039 ; 
15 ’ 830,0 840,4 851,0 861.6 872,2 882,8 893,6 904,3 915.2 926,0 937.0 
s 1,8105 1,8240 1,8372 1,8501 1,8627 1.8750 1,8872 1.8991 1.9108 1,9223 1.9337 
v 0,1792 0.1341 0,1890 0.19389 0,1988 0,2 ry 0,20385 0,2133 0.2183 0,2229 0.2276 
20 i 828.7 839.3 849,9 860.5 871,1 881. 892,7 903,6 914.4 925,4 936.3 
8 1,7772 1.7909 1,8043 1.8174 1.8301 1,842 a 1.8548 1.8668 1.8786 1,8902 1.9016 
c 0,08822 0,09078 0,09332 0,09584 0,09834 0,10083 0.10331 0,10578 0,10824 0,11069 0.11313 
40 i 823,5 834,5 845,5 856,5 867,4 878,4 889.4 900,4 911.5 922,6 933,7 
8 1,6955 1,7097 1,7236 1,7371 1,7502 1,7631 1.7756 1,7878 1,7998 1,8116 1.8231 
v 0,06221 0,06410 0,06597 os oP 2 0,06965 0,07147 0,07328 0.075038 0,07687 0.07865 0,08042 
56 i 819.9 830,7 842.0 864.4 875.5 886,7 897, 909.1 920,3 931.6 
x 1,6546 1,6693 1,6835 1. “697 73 1,7107 1,7236 1,7362 1,7486 1,7608 1,7727 1.7544 
v 0,05892 0,06073 0,06252 0.06428 0.06603 0,06776 0,06949 0,07120 0,07290 0.07460 0.07629 
59°) i 318.6 830,0 841,4 852.6 863,38 874.9 886.2 897.5 908,7 920,0 931.3 Fi 
8 3 1.6628 1.6771 1.6909 1,7044 1,7174 1,7301 1.7425 1.7547 1,7666 1,7736 
v 0.05966 0,06142 0.06316 0,06488 0.066538 0,06828 0,06996 0.07164 0,07331 0.07497 
60 i 82,7 841.1 852,4 863,6 874,7 886.0 897,3 908.5 919.8 931,2 ame 
| 8 1.6606 1.6749 1,6883 1,7023 1,7153 1.7280 1,7405 1,7527 1,7646 1,7763 mu 
v 0,05407 0,05575 0,05741 0,05906 0,06069 0,06230 0,06390 0.06548 0,06706 0,06863 0,07019 
| 64 i 317,3 828,38 840,2 851.6 862,8 874,0 885.3 896.6 907.9 919.2 930.5 
| © 1.6376 1.6525 1,6669 1.6809 1.6945 1,7076 1,7203 1,7328 1,7451 1,7570 1,7688 
v 0,04919 0,05075 0,05229 0,05381 0.05531 0.05679 0,05826 0.05972 0.06118 0,06262 0.06406 }* 
70 i 815,6 827.3 838.8 850,2 861.6 873,0 884.3 895.7 007,0 918.4 929.5 
8 1,6259 1,6410 1.6557 1.6698 1.6835 1,6968 1,7096 1.7222 1,7345 1,7466 1,7584 p 
© 0,04637 0,04786 0,04933 0.05077 0,05219 0,05361 0.05502 0.05641 0,05779 0,05916 0,06052 st 
| 74 i 814,5 826.2 837,9 849.4 860,8 872,2 883.6 895.0 906,4 917.8 929,2 ray 
j 8 1,6188 1.6340 1,6487 1.6630 1,6767 1.6900 1,7029 1,7155 1,7279 1,7400 1,7518 ; 
| ) 
| v 0,04267 0,04407 0,04544 0.04680 0.04813 0,04944 0,05074 0,05204 0,05333 0,05461 0,05588 
| 80 i 812.9 824.7 836.4 848.0 859.6 871,1 882,6 894.1 905,5 917,0 928.4 ti 
8 1,6088 1,6241 1.6388 1.6531 1,6670 1,6805 1.6935 1.7062 1,7186 1,7307 1.7426 t! 
| 
} v 0,04050 0,04184 0.04316 0.04446 0,04574 0,04700 0,04825 0.04949 0,05072 0.05194 0,05315 
| 34 i 811,8 823.7 $35.5 847,2 858.8 870,4 8351.9 503.5 904,9 916.4 927,9 
8 1,6025 1,6178 1.6325 1.6470 1.6609 1,6744 1,6875 1.7002 1,7127 1,7249 1,7368 \ 
v 0,03354 0,03471 0,03585 0,03697 0.03807 0.03916 0,04023 0,04129 0,04235 0,04339 0,04443 t 
100 i 807,3 819.6 831,7 843,7 855,6 867.4 879.1 890.8 902,5 914,1 925.8 
8 1,5789 1,5946 1.6099 1.6246 1,6389 1.6526 1,6659 1.6788 1,6915 1,7038 1,7159 s 
v 0,03021 0,03130 0,03236 0,03340 0,03442 0,03542 0,03640 0,03738 0.03835 0.03931 0,04026 
110 i 804,4 817.1 829,4 841.6 853,7 865.6 877.4 889,2 901,0 912,7 924.4 
s 1,5653 1,5815 1,5970 1,612] 1,6266 1,6405 1.6540 1.6671 1,6798 1,6923 1,7044 
I 
v 0,02876 0,02981 0,03184 0,03184 0,03282 0,03379 0,03474 0.03568 0.03661 0,03753 0,03845 x 
115 i 803,0 815,7 828,2 840.5 852,7 864.6 876,5 Ra8.4 900,2 912,0 923,7 
. 1,5589 1,5753 1,5910 1,6061 1,6206 1.6347 1,6484 1,6615 1,6742 1,6867 1,6929 
v 0,02744 0,02847 0,02946 0,03042 0,03137 0,03230 0,03321 0.03412 0,03502 0,03591 0,03679 
120 i 801,5 814,4 827.0 839,4 851,7 863,6 875.6 887.5 899.4 911,3 923,1 
8 1,5527 1,5693 1,5852 1,6005 1,615] 1.6292 1,6429 1.6560 1,6689 1,6814 1.6937 
v 0,02621 0,02720 0,02816 0,02910 0,03002 0,03092 0,03181 0,03269 0,03355 0,03441 0,03526 
125 ‘ 800,1 813.0 $25,7 838,3 850.6 862,7 874,7 886,7 898.6 910.5 22,4 
8 1,5467 1.5635 1.5795 1,5949 1,6096 1,6239 1,6376 1.6509 1,6638 1,6764 1,6887 
© 0,02306 0.02397 0,02486 0,02572 0.02656 0,02739 0,02820 0,02900 0,02978 0,03056 0,03133 
140 i 795,6 809,0 822,0 834,8 847,4 859,8 872.0 884.2 896,4 908,4 920.8 
| & 1,5298 1,5471 1,5635 1,5793 1,5943 1,6088 1.6227 1.6362 1,6493 1,6621 1,6746 
| 
“ c 0,02182 0,02269 0,02356 0,02439 0,02520 0,02599 0,02677 0.02754 0,02830 0,02904 0.02073 
147%) t 793,5 807,0 820,2 833,2 845, 9 858.4 870,7 883.0 3895.2 907,3 919.3 
s -1,5223 1,5398 1 5565 1,5704 1,5877 1,6024 1,6163 1.6285 1.6431 1,6559 1,6684 
v 0,01977 0,02061 0,02142 0,02220 0,92296 0,02370 0,02443 0.02515 0,02655 0,02723 
160 t 789,5 803,5 817,0 830,2 843.2 855.9 868,4 S508 05,4 917.6 
8 1,5087 1.5267 1,5439 1,5603 1,5759 1,5907 1,6050 1 6138 1,6450 1,6577 
v 0,01720 0,01797 0,01872 0,01945 0,02015 0,02083 0,02150 0,02215 0,02342 0.92404 
180 a 783,2 797,8 811,9 825.5 838.8 851,9 864.8 877,5 902,5 914.5 
8 1,4893 1,5084 1,5263 1,5431 1,5591 1,5743 1,5888 1,6029 1,6296 1,6425 
© 0,01514 0,01587 0,01658 0,01725 0,01790 0,01854 0.01915 0,01975 0,02035 0,02093 0,02150 
200 i 776,7 791,9 806,6 820,7 834.4 847,8 861,0 873,9 886,8 899,4 911, 
8 1,4713 1,4911 1,5096 1,5270 1,5436 1,5592 1,5740 1,5884 1,6023 1,6157 1,6287 
v 0,00895 0,00957 0,01012 0,01066 0,01118 0,01167 0,01214 0,01260 0,01304 0,01346 0,01388 
300 i 741,6 760,9 778,9 795,4 811.5 827,0 841,9 856,3 870,4 884,1 897,7 
8 1,3892 1,4141 1,4369 1,4581 1,4777 1,4958 1,5126 1,5286 1,5438 1,5585 1,5725 
| *) interpolated 
| TABLE 4—SPECIFIC VOLUME, ENTHALPY AND ENTROPY OF SUPERHEATED 
| STEAM ACCORDING TO RUSSIAN STEAM TABLE (WUKALOWITSCH, 1951) 
| Conversion factors: 


Multiply specific volume in cu m per kg by 16.018 to obtain specific volun 


v = specific volume in cu m per kg in cu ft per Ib 
i = enthalpy in kcal per kg - 8 I - ees nor Ib 
s = entropy in kcal per kg deg C Multiply enthalpy in kcal per kg by 1.8 to obtain enthalpy i I 


Multiply pressure in kg per sq cm by 14.22 to obtain pressure in psia 
Entropy in kcal per kg deg C is equivalent to entropy in Btu per Ib deg ! 
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Fig. 2.—Instantaneous specific heat of water vapor according 
to various steam tables 


Specific heat in keal per kg deg C versus temperature in deg C rhick lines 
indicate values confirmed by experiments hin lines indicate values deter 
mined by extrapolation 


portance in figuring topping units. For an easier com- 
parison the instantaneous specific heats of superheated 
steam, as calculated for constant pressure from the vari- 
ous steam tables, are plotted in Fig. 2. It can readily 
be seen by how much the values of the present steam 
tables vary at high temperatures, further emphasizing 
the importance of new tests. 

The variation between and German 


the American 


values can be explained principally by the difference of 
the temperature influence on the specific heat (at con- 
stant pressure) for zero pressure as found by the Amer- 








IABLE 2—-COMPARISON OF VALUES OF SPECIFIC VOLUME OF 
SUPERHEATED STEAM AT 700 C (1292 F) ACCORDING TO VARIOUS 
STEAM TABLES 


Specific Volume of Superheated Steam at 1292 F in 
Cu Ft per Lb 


Pressure 


Psia Germany* Japan* US.A.T Russia 
14.22 73.330 73.330 73.346 73.330 
568 8 1. 8099 1.8107 1 8113 1.8121 
1422 0.7006 0.7101 0.7107 0.7117 
2844 0.3426 0.3428 0.3436 0.3444 
41266 0.2202 0.2204 0.2212 0.2223 
* Extrapolated values 


t Interpolated values 








cans and by Koch. While the temperature influence is 
evaluated similarly by the American and the Russian 
lormula, the specific heats nevertheless show discrep- 
incies because of the higher pressure influence at high 
'cmperatures found by the Russians in their experiments. 
he plot also shows the limits of values determined 
irom experimental data and those which were extra- 
lated. 
In this connection the Russian steam table by Wuka- 
witsch, published in 1951, appears to warrant special 
terest since, according to its author, the values are 
ised exclusively on test data without extrapolations. 
| comparison to the earlier tests published, the Rus- 
ans have apparently used considerably improved test 
juipment for their new experiments in_ the thermo- 
vnamic properties of water vapor at high temperatures 
id pressures. This equipment has made it possible 
measure thermodynamic properties of steam in an 
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area which could not previously be investigated, namely 
up to 600 C and 300 atm (1112 F, 4266 psia). These 
values, therefore, appear to be nearest to the actual 
properties and can be used as reliable calculating data, 
at least until further experimental results become 
available. 

The comparison of various steam tables shows that 
measuring of steam properties at high pressures and tem- 











COMPARISON OF VALUES OF ENTHALPY OF SUPER 
1292 F) ACCORDING TO VARIOUS STEAM 


TABLE 3 
HEATED STEAM AT 700C 


rABLES 
Pressure Enthalpy of Superheated Steam at 1292 F in Btu per Lb 
Psia Germany* Japan* U.S.A.? Russia 
14.22 1692.4 1687.1 1687 .0 1689.8 
568.8 1683 .0 1678.3 1677.1 1680 7 
1422 1668.4 1664.3 1660.9 1666.4 
2844 1644.1 1639.8 1632.1 1641.4 
4266 1619.1 1613.9 1600.9 1615.9 


* Extrapolated values 
ft Interpolated values 


peratures is am important research problem especially 
since use of constantly increasing steam temperatures 
requires reliable calculating data. Because of the diffi- 
culty of such tests, however, a general evaluation of all 
experimental data is necessary. It is hoped that in- 
ternational cooperation can be resumed in this field and 
that it will finally close an obvious gap in the knowledge 
about the thermodynamic properties of water and water 
vapor at high temperatures and pressures. 





CONVEYING SYSTEMS FOR EVERY PURPOSE 


Low Cost Coal Handling 










Sy-Co Corporation 
125 Broad Street New York 4, N. Y. 

















BOILER SCALE 


IS NOT A CHEMICAL FORMATION 
SCALE IS FORMED ELECTRICALLY. 
WHY NOT COMBAT THIS PHENOMENON 


WITH NO-CHEM. 


PATENTED 


MAKE IT SIMPLY IMPOSSIBLE 
FOR SCALE TO FORM—THAT'S ALL. 


WHY NOT LEARN MORE ABOUT IT? 


4030 CHOUTEAU AVE. ST. LOUIS 10, MO. 

































SYine Control 
IN COOLING SYSTEMS 
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CHLORINIZER 
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INTAKE TUNNEL 


Chlorination — the modern way 
to prevent slime buildup in con- 
densers and heat exchangers — 
saves you money if it’s right. But 
if dosage is too heavy, you run the 
risk of corrosion . . . or if it’s too 
light, chlorination is worthless. 
Builders Chlorinizer is the key to safe, effective, 
economical chlorination in cooling systems. CHLORIN- 
IZER IS ACCURATE . . . The sensitive compensating 
valve and the visible-flow Sightflo Indicator guarantee 
correct feed for effective treatment and insure against 
corrosion. CHLORINIZER IS SAFE . . . The full vacuum 
principle automatically and positively shuts off chlorine 
feed on loss of vacuum. CHLORINIZER IS SIMPLE 
. . . Because of its basic design, Chlorinizer is readily 
adaptable to single or multiple point applications on 
manual, semi-automatic, or fully automatic control. 
Builders Chlorinizers are available in three volu- 
metric models for feeding from a few pounds to 6,000 
pounds per day. Send coupon for complete details. 


[HE RREERE EE RITCHIE 


; BUILDERS-PROVIDENCE, INC. 
rstarts] (DIVISION OF B-l-F INDUSTRIES) 


snoustaies, 
i 373 Harris Avenue, Providence 1, Rhode Island 









Please send Application Memo No. 840-J9 describing Chlorinizer 
slime control system. 





Company 





Street............ 





State. 
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Another Large Controlled-Circulation 
Boiler 


The advance in boiler practice during the last 25 years 
is strikingly illustrated by a contract just closed by 
Combustion Engineering-Superheater, Inc., to furnish 
the boiler for a new generating unit at the State Line 
Station of the Commonwealth Edison Company Systein. 
The station is located at Lake Michigan and the I]linois- 
Indiana border. 

Designed around 1926 and officially placed in service in 
the summer of 1929, this station attained widespread 
attention because it contained the largest steam turbine 
in existence—a 208,000 kw, three-element machine op- 
erating at 600 psi, 730 F superheat with 500 F live 
steam reheat and served by six 450,000-lb per hr sec- 
tional-header boilers. In fact, this turbine size has not 
been exceeded to date, although still larger machines are 
on order. 

The new cross-compound turbine-generator now on or 
der will be of 191,000 kw—-comparable in size to the ear- 
lier unit but it will have only one boiler instead of six. 
The nominal steam conditions will be 2000 psig and 1050 
F primary/1050 F reheat temperature at the turbine in- 
stead of 600 Ib, 730 F primary and 500 F reheat. The 
boiler will be of the now popular Combustion Engineering 
controlled-circulation reheat type with a twin furnace, 
platen-type superheater and corner firing with tilting 
tangential burners for steam temperature control. It 
will be served by eight C-E Raymond bowl mills and 
have three air preheaters of the Ljungstrom regenerative 
type. There will be four circulating pumps and the con- 
tinuous rated output of the unit will be 1,350,000 Ib of 
primary steam per hour—a figure one-half that of the 
combined output of the six earlier units supplying about 
the same turbine capacity. 

The new boiler is scheduled for operation in the fall of 
1955. 


Zirconium Produced for 
Submarine Reactor 


Zirconium, a long known but little used metal, has now 
been brought into mass production as a material for use 
in the construction of a submarine nuclear reactor. 

Lighter than steel, zirconium, which has been known 
since 1789, has remarkable corrosion resistance; it has a 
very high melting point, and is both strong and workable 
as a structural material. It is found in the sands that 
wash ashore in many locations but heretofore has been 
diff cult to produce in pure form except at very high cost. 
Most important for its use in a nuclear reactor is the fact 
that it does not waste neutrons—the particles that split 
uranium atoms and keep the atomic engine running. 
That is, whereas some metals absorb these neutrons and 
thus interfere with atomic fission, zirconium offers no 
such interference. This characteristic makes it second 
only in importance to uranium in the building of a sub 
marine reactor. 

When atomic scientists first tackled the assignment of 
building a submarine reactor, there was not enough 
usable zirconium to do the job. Then the Atomic Energy 
Commission gave Westinghouse Electric Corporation the 
green light to undertake mass production, and a refining 
plant was built and began full production within 14 weeks 
with an output of pure zirconium soon reaching several 
thousand pounds per month. 
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American Power Conference 
Program 


HE fifteenth annual meeting of the 

American Power Conference (for 
merly the Midwest Power Conference 
will be held at the Sherman Hotel, Chi- 
cago March 25 to 27, inclusive. As in 
previous years, the conference is spon 
sored by the Illinois Institute of Tech- 
nology in cooperation with nine univer- 
sities and ten local and national engi- 
neering societies. It will be under the 
direction of Prof, R. A. Budenholzer with 
the preliminary program as follows: 


Wednesday, March 25 


9:00 am 
10:00 am 


Registration 

Opening Chair 
man, R. D. Maxon of 
Commonwealth Edison 
Co.; Vice Chairman, F. 
D. Garvin, Illinois In 
stitute of Technology. 

Address of Welcome—Charles Y. Free 
man of Commonweath Edison Co. 

Address—Dean W. A. Lewis of Illinois 
Institute of Technology 

12:15 pm Luncheon sponsored by AS 
ME. Chairman, James D 
Cunningham; Vice Chair 
man, Eugene Bailey 
Speaker to be announced 

Session on Large Steam 
Generators. Chairman, 
Prof. H. L. Solberg; Vice 
Chairman, R. J. Mindak 

“Three Million Kilowatts Operating 
Experience with Modern Reheat,”’ 
by Otto de Lorenzi, Combustion 
Engineering-Superheater, Inc 

‘Trends Indicating Possibilities in 
Future Boiler Designs,” by G. W 
Kessler, Babcock & Wilcox Co. 

2:00-5:00 pm Symposium on Water 

Problems of American In 
dustry. Chairman, P. W 
Swain; Vice Chairman, 
Prof. J. G. Duba. 

“Water Resources of America’ (Panel 
Discussion). J. C. MeCabe, L. N 
Rowley and B. G. A. Skrotski, all of 
Power. 

“Problems of Waste Disposal and 
Stream Pollution from the Public 
Standpoint,”’ by E. J. Cleary, Direc 
tor, Ohio River Valley Sanitation 
Commission. 

“Waste Disposal and Stream Pollution 
from Standpoint of Industry”’ by 
H. W. Gehm, National Council for 
Stream Improvement. 

“The Role of Chlorination in Stream 
Pollution Control’ by A. E. Griffin, 
Wallace & Tiernan 

2:00 pm Electrical Power Transmis 

sion Session sponsored by 

AIEE. Chairman, W. E 

Keefe; Vice Chairman 

F. D. Hurd. 


Session. 


2:00 pm 
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“High-Voltage Power Transmission in 
the Pacific Northwest,’ by S. E. 
Schultz, Bonneville Power Adminis 
tration. 

“Full-Scale Structure Tests of 230-Kv 
H Frames,”’ by W. A. Schulz, Pub. 
Serv. Co. of Ind 
2:00 pm Problems of Fuel Conver 

sion sponsored by NAPE. 
Chairman, Otto Cordes; 
Vice Chairman, L. F. 
Clifford. 

“Conversion from Coal to Fuel Oil,’” by 
G. A. Pardee, Oertel Brewery, Louis 
ville, Ky. 

“Conversion from Coal to Gas,”’ by 
Roger W. Jackson, Western Products, 
Inc. 

3: 30 pm Steam Generator Controls, 

ASME. 

Chairman, J. G. Eilering; 
Vice Chairman, T. H. 
Gluck. 

“Some Control Circuits for Use of 
Multiple Fuel Firing on Boilers,” 
by H. Ziebolz, Askania Regulator 
Co. 

“Trends in Combustion and Steam 
Temperature Control,” by Paul S. 
Dickey, Bailey Meter Co 
3:30 pm Electrical Distribution. 

Chairman, Prof. M. A 
Faucett; Vice Chairman, 
J. N. Banky 

‘Multiple Contingency Outages in Sec 
ondary Network Systems,’ by N. M. 
Neagle and D. R. Nelson, General 
Electric Co. 

“Overhead Primary and Secondary 
Distribution Networks,” by H. G 
Barnett and D. F. Shankle, Westing 
house Electric Corp 

3:30 pm Personnel Training, spon 

sored by NAPE. Chair 
man, Gerald Mierendorf;: 
Vice Chairman, Stephen 
C. Casteel. 

“Creating Enthusiasm in 
Training,” by John E. 
A. O. Smith Corp 

“Suggested Improvements in Training 
Methods,”’ by C. H. Morrow, J. I 
Case Co. 

“Available Training Programs,” by 
A. H. Nielsen, Wisconsin Electric 
Power Co 

7:00-10:00 pm Forum—The Indus 

trial Use of Atomic 
Energy. Chairman, Louis 
C. McCabe. 

“The Atomic Energy Commission’s 
Appraisal,” by Gordon E. Dean, 
Chairman, Atomic Energy Commis- 


-sion. 


sponsored by 


Personnel 
Conway, 


“Engineering and Technical Problems,” 


by Walter Zinn, Director, Argonne 
National Laboratory. 


“Economic Evaluation,’ Walker L 
Cisler, President, Detroit Edison Co, 

“Changes in the Atomic Energy <Act,”’ 
by Oscar M. Ruebhausen, New York 
Bar Association Committeeon Atomic 
Energy 

Summary by Murray Joslin, Asst. to 
President, Commonwealth Edison Co 


Thursday, March 26 


9:00-12:00 pm Symposium on Large 
Steam Turbines. Chair- 
man, Ben G. Elliott 
Vice Chairman, Harry H 
MecMeen, Sargent & 
Lundy. 

“Development of the 3600-RPM Tur 
bine,’” by Homer R. Reese, Westing 
house Electric Corp. 

“Factors Influencing the Design and 
Applications of Large Steam Tur 
bines,”” by Carl Schabtach, General 
Electric Co. 

“Cross-Comy ound Steam Turbines for 
Large Capacity Installations,” by 
Charles D. Wilson, Allis-Chalmers 
Manufacturing Co. 

9:00 am Planning and Economic 

Analysis. Chairman, Prof. 
J. A. M. Lyon; Vice 
Chairman, L. V. LeVes- 
conte. 

“A Technique of System 
Analysis Useful in Long-Range Plan 
ning,’’ by H. E. Campbell and E. H 
Reilly, Jr., General Electric Co 

““\ New Method of Area-Wice Genera 
tion Control for Interconnected Power 
Svstems,”” by N. Cohen, Leeds & 
Northrup Co. 

9:00 am Hydro-Electric 


Session, 


Economic 


Power 

sponsored by 
ASCE. Chairman, Frank 
W. Edwards; Vice Chair 
man, C. J. McLean 

“Falcon Dam and Power Plants,” by 
J. B. White, International Boundary 
and Water Commission (United 
States and Mexico). 

“The Guayabo Hydro-Electric Power 
Development,” by FE. Montford 
Fucik, Harza Engineering Co. 

9:00 am Water Resources and Water 

Treatment for Small 
Plants. Chairman, M. D 
Baker; Vice Chairman, 
Seldon K. Adkins. 

“An Evaluation of Our Water Re 
sources,” by Arthur M. Buswell, 
Illinois State Water Survey. 

“Alkalinity Reduction by an Approved 
Process of Anion Exchange,” by A. E. 
Kittredge, American Water Softening 
Co. 

10:30am Industrial Power Session, 
Chairman, A. M. Hop 
kin; Vice Chairman, V. 
E. Schlossberg, Inland 
Steel Co. 

“Voltage Flicker from Loads on Elec- 
trical Systems,” by Marvin Fisher, 
Jr., University of Illinois. 
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ACOMPACT 


Blower 


Turbine 


stallation 





Here is an example of the adaptability of the Wing Turbine Blower to the limita- 
tions of restricted space. Additional boiler installations at the E. R. Squibb & Sons, 
New Brunswick, N. J., plant left little space for auxiliary equipment. As the photo- 
graph shows, the complete Wing turbine and blower (47,000 CFM, at 5” s.p., at 
1850 RPM) were placed beneath the rear boiler overhang and occupy a space 
but 54” in dia. by 33” high! (Another Wing unit occupies a similar space 45’’x30"’.) 





Compact design is but one of the many superiorities of the Wing Turbine Blower. 


In addition, they are quiet, rugged in 
construction, economical in operation 
and in maintenance. Wing Turbine 
Blowers cost nothing as a source of 
power when the oil free exhaust steam 
is used for process work, space heat- 
ing or other uses requiring low pres- 
sure steam. 


WING MOTOR DRIVEN Axial Flow 
BLOWERS are used on many of the 
country’s leading makes of boilers as 
standard equipment. The reason lies in 
the consistently satisfactory perform- 
ance they have been delivering for over 
half-a-century—plus the outstanding 
features of WING design, such as vol- 
ume control (Voltrol Vanes) for capacity 
regulation down to 90%, ease of instal- 
lation, quiet operation, compact con- 
struction, low maintenance cost. Wing 
Motor Driven Blowers give day-in-day- 
out, year-in-year-out satisfaction. 





UNIT HEATERS 





Type R Wing Turbine Blower 


Write for a copy of 
Wing Bulletin SW-52 


L.J. Wing Mfy.Co. 


54 Vreeland Mills Road 


Linden, New Jersey 


BLOWERS 


Factories: 


Linden, N.J. and Montreal, Canada 


DRAFT INDUCERS 


TURBINES 





“Are Furnaces —Light§ Flicker am 
Supply Systems,”’ by D. F. Shankk 
Westinghouse Electric Corp. 

10:30 am Hydro-Electric Power Ses 

sion, Chairman, Prof. | 
G. Tarboux; Vice Chair 
man, E. A. Cooper 

“The Generation and Use of Niagara 
and St. Lawrence Power in the 
Province of Ontario,”” by Richard 
L. Hearn, Hydro Electric Power Com 
mission on Ontario. 

“The American Development of Power 
on the Niagara River,”’ by Harold I 
Howell, Niagara Mohawk Power 
Corp. 

10:30am Fuels and Combustion 
Session. Chairman, 
Elmer C. Lundquist; Vice 
Chairman, A. J. Snider. 

“Preparation and Combustion of Jet 
Pulverized Coal,’ by C. G. Von 
Fredersdorff, Institute of Gas Tech 
nology. 

“Burning of Paper Mill Waste Liquor, 
by John E. Hoeft, National Con 
tainer Corp. 

12:15 pm American Power Conference 
Luncheon. Speaker, B 
L. England, President 
Edison Electric Institute, 
“The Electric Industry in 
Perspective” 

2:00 pm Symposium on Large Elec- 
trical Generators. Chair 
man, Dean W. A. Lewis 

‘Progress in the Design and Applica 
tion at Large Steam Turbine Driven 
Generators,” by J. B. McClure and 
C. E. Kilbourne, General Electric Co 

‘“Inner-Cooling of Turbine-Generators,”’ 
by J. W. Batchelor, Westinghouse 
Electric Corp. 

“Present Status of Supercharged Cool 
ing,” by William L. Ringland and 
L. T. Rosenberg, Allis-Chalmers 
Manufacturing Co. 

“Operating Experience with Large Gen 
erating Units,"’ by Robert P. Liver 
sidge, Philadelphia Electric Co. 

2:00 pm Heating of Modern Homes, 
sponsored by _ IiIlinois 
Chapter of ASHVE 
Chairman, M. W. Bishop 

“Recent Advances in the Art of Heating 
Homes,”’ by Prof. Robert W. Roose, 
University of Illinois. 

“Modulating and Load Limiting Con 
trols for Electric House Heating,’’ by 
Walter F. Friend, Ebasco Services 

2:00-3:00 pm Symposium on Indus 

trial and _ Institutional 
Plant Operation, spon- 
sored by NAPE. Chair- 
man, G. Russell Carpen- 
ter; Vice Chairman, Jules 
Bruner. 

“Problems of a Paper Mill Plant,” 
by Wyle Austin, Marathon Corp. 

“Problems of a Coke Plant,’’ by Jack 

| McBride, Koppers Coke Co. 
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‘roblems of a Penal Institution Plant,’ 
by Sal Gran, California State Prison. 
‘roblems of a Packing House Plant,” 
by Lowell E. Joslin, Krey Packing Co 

Problems of a State Hospital Plant,”’ 
by Charles R. Bender, St. Louis 
State Hospital. 

:00 pm Session on Control of Iron 

Pickup by Boiler Feed 
water. Chairman, R. C. 
Adams, U.S. Naval Engi- 
neering Experiment Sta 
tion; Vice Chairman, 
John B. Burkhardt. 

Use of Amines in Low Makeup Steam 
Plant,” by H. J. Guillory, Central 
Louisiana Electric Co 
Prevention of Metal Losses in the Wet 
Steam Areas of Steam Turbines,” by 
Francis L. Archibald, John W 
Purssell and Prof. Frederick G 
Straub. 

3:30 pm Solid and Liquid Fuels 

Session. Chairman, Prof. 
Martin Elhott; Vice 
Chairman Richard C. 
Corey, U. S. Bureau of 
Mines. 

Long Range Outlook for Liquid Fuels 
in America,”’ by Eugene Ayres, Gulf 

Research & Development. 

Use of Low Rank Fuels in the United 
States,” by Louis C. MeCabe, U. 5 
Bureau of Mines. 

3:30 pm Heat Pump Research and 

Applications. Chairman, 
Dean Ralph G. Owens; 
Vice Chairman, M. § 
Oldacre, Utilities Re 
search Commission. 

‘Review of Heat Pump Research in 
Kentucky,"’ by E. B. Penrod and 
Merl Baker, University of Kentucky. 

‘The Design and Manufacture of the 
Heat Pump Water Heater,”’ by T. A. 
Hodgdon, Harvey Whipple, Inc. 

6:45 pm All Engineers Dinner 
Presiding: J. T. Rettaliata, Pres., 

Illinois Institute of Technology. 


Friday, March 27, 1953 


9:00 am Residential Air Condition 
ing Session. Chairman, 
L. G. Miller; Vice Chair 
man, G. G. Freyder. 

Promoting the Installation of Resi- 

dential Heat Pumps,” by George 5. 

Whitlow, Union Electric Co., St. Louis. 

‘New Application Techniques Improve 
Residential Air Conditioning,’ by 
E. P. Palmatier, Carrier Corp. 

9:00 am General Interest Session. 
Chairman, G. Ross Hen- 
ninger, lowa State College 

Are Federal Power Practices Sound 

National Policy?’ by E. Robert de 
Luccia, Pacific Power & Light Co. 
‘The Materials Situation as Related to 
the Power Industry,” by J. F. Moore, 
Ebasco Services, Inc. 
9:00 am Characteristics of Ion Ex- 


change Resins _ Session. | 
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DUST COLLECTO ORS 


Partially erected collector 
showing inlet, outlet and 
dust discharge passages. 
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NIAGARA MOHAWK POWER CORPORATION 
Dunkirk Station...and a duplicate Albany Plant 


At the new Dunkirk Steam Station of Niagara Mohawk Power Corpora- 
tion, two reheat steam generators of 670,000 lb. per hour capacity are 
pulverized fuel-fired. Dust collection for this station is handled by Aerotec, 
Design 3 RAS Collectors, and a duplicate system is under construction for 
the new Albany Steam Plant... making a total of eleven Niagara 
Mohawk boilers to be equipped with Aerotec Dust Collectors. 

The collectors for Dunkirk and Albany consist of 84 “Unit Building 
Block” elements completely assembled at the factory for easy erection 
in the field. The small diameter tubes, of permanent molded aluminum 
construction, have proved their extremely high collection efficiency and 
long life on hundreds of installations. Their light weight cuts steel require- 
ments for supporting structure, and makes possible roof installations with a 
minimum of reinforcement. The light weight tubes also reduce erection costs. 

Aerotec efficiencies meet or exceed the requirements of most dust 
ordinances today. Evenly spaced tube outlets provide excellent inlet flow 
conditions for an AEROTEC electrical secondary—should future ordi- 
nances require still higher efficiencies. 


Write for the new Design 3 RAS Catalog No. 601. 


Project and Sales Engineers 


THE THERMIX CORPORATION 


GREENWICH, CONNECTICUT 


(Offices in 38 Principal Cities) 
Canadian Affiliates: T. C. CHOWN, LTD. 
1440 St. Catherine St., W., Montreal 25, Quebec © 983 Bay St., Toronto 5, Ontario 


THE AEROTEC CORPORATION 


GREENWICH, CONNECTICUT 


Manufacturers of mechanical dust collectors, electrical precipitators, air cleaners, 
industrial integral dust collectors, gas-oil scrubbers and dust reclaiming equipment. 














Sponsored by ASMI 


| 
B b T t d G f Chairman, Louis Wirth 
est y Ps an er ormance Vice Chairman, W. W 
Tomes. 
“Acid Regeneration of Cation Ex 
changers,”’ by F. K. Lindsay, Nationa! 
| Aluminate Corp. 

“Factors Influencing the Operation o 
Anion Exchange Resins,’’ by Francis 
X. McGarvey and J. Thompson 
Rohm & Haas Co. 

“Characteristics of Mixed Bed and 
Two-Step Ion Exchangers,’ by M. E 
Gilwood and C. Calmon, The Per 
mutit Co. 

9:00am Diesel Engines Session 

Chairman, W. P. Green 
Vice Chairman, R. L 






Easier to Work and Finish 


Mix Stic-Tite with water and you get a plastic cement 


| Stanley. 
that’s easy to work and finish smooth over block or “Opposed Piston Dual-Fuel Engines,” 
blanket insulation on all types of heating equipment, | by E. L. Dahlund. 
around pipes, fittings and difficult shapes. 10: 30 am Session on Residential and 


Commercial Heat Pumps. 
e e Chairman, W. T. Reace; 
Sticks Tight as Durable Vice Chairman C. M. 
Applied to any required thickness over any clean sur- ae _ Bernam, Jr. 
face—hot or cold—Stic-Tite quickly drives to an air- The Air-to-Air Residential Heat 
x snk Pump,”’ by Gerald L. Biehn, Westing- 
tight, strong, resilient, tough covering that stays on. It 


. . E house Electric Corp. 
does not lift off or shake loose, even under vibration, “Ceemeencial VearReund Air Condl 





abrasion or impact in normal operation. tioning with the Heat Pump,” by 
Philip Sporn, and E. R. Ambrose, 
| American Gas and Electric Service 
overs Better 
L ers Corp. 
Stic-Tite is truly economical. It covers at least 45 sq. ft.. 10:30 am Electronics Applications Ses 
one inch thick, per 100 Ibs. of material. sion. Chairman, G. E 
Foster; Vice Chairman, 
Paul Glass. 
Saves More Heat “Use of Carrier Spectrum,”’ by T. A. 
Stic-Tite is the most efficient of plastic insulations. Its Cramer, General Electric Co. 
insulating value is indestructible under practically all “Survey of Power Plant Electronics and 
service conditions up to 1800° F. Cover those flanges, Resulting Maintenance, by Harold 
‘ ; : 0 L. Garton, Commonwealth Edison 
fittings and other base surfaces with as little as 1% Co 
thickness of Stic-Tite and you save at least 90% of the | 10:30am Gas Turbine Combustion 
heat loss. Problems. Chairman, 
Newman A. Hall; Vice 
H H Chairman, R. A. 
Easily Reclaimable Schmidtke, Illinois In- 
Stic-Tite need never be wasted or discarded, even if stitute of Technology. 
removed for equipment repairs. Easily crushed and “Combustion in Gas Turbines,” by 


Herbert R. Hazard, Battelle Me 
morial Inst. 

“Corrosion Aspects of Bunker ‘C’ 
Combustion in Gas Turbines,”’ by 
B. O. Buckland and C. M. Gardiner, 
General Electric Co. 





remixed with fresh water, it can be reapplied as before. 


Convince Yourself 


Make Your Own Test 12:15 pm American Power Conference 
Luncheon. Sponsored by 
Write for Western Society of Engi- 

neers. Chairman, Ovid 

; Free Sample Bag | W. Eshbach; Speaker, 


E. B. Newill, General 

| Motors Corp. 
| 2:00-5:00 pm Symposium on Gas 
Turbines. Chairman, 
REFRACTORY & INSULATION CORP. | John L. Yellott, Loco- 
motive Development 
REFRACTORY BONDING AND CASTABLE CEMENTS | Committee: Vice Chair 

INSULATING BLOCK, BLANKETS AND CEMENTS 


man, Y. S. Yampolsky 
124 WALL STREET @ NEW YORK 5, N. Y. 








Armour Research Foun 
dation. 
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“\ Regenerative Gas Turbine Genera 


tor for Central Station Service,” 
by H. C. Davis, Texas Power & 
Light Co. and R. L. Jackson, 
General Electric Co. 

Development and Application of Gas 
Turbines for the Oil and Gas Indus 
try,’ by T. P. Latimer and J. K 
Hubbard, Clark Brothers. 


“Turbo-Jet Aircraft Engines,”’ by Dimi 


trius Gerdan, General Motors Corp 


2:00-3:00 pm Economics of Evapora 


tion and Demineraliza 
tion. Chairman, Robert 
Participants: 

G. Gall, Edison Electric 
Institute; Vice Chair 
man J. D. Yoder. 


“Economics, the Key to Evaporation 


‘Evaporation for 


vs. Demineralization for Makeup in 
High-Pressure Steam Power Plants 
by E. B. Morris and C. E. Brune 
American Gas and Electric Corp. 


Makeup,” by A. M. Impagliazzo, 
Griscom- Russell Co. 


“Performance of a Complete Deminer 


alization Process for High-Pressure 
Boiler Makeup water,” by A. B 


Sisson, Public Service Company of 


Northern Illinois. 


2:00-5:00 pm Symposium on Net 


work Analyzers. Chair- 
man, E. T. B. Gross. 
Participants: 

Glenn W. Bills, Bonne 
ville Power Administra- 
tion; J. W. Nilsson, 
Iowa State College; Ralph 


D. Goodrich, Bureau of 


Reclamation; John §. 
Denison, Texas A & M 
College; James B. Ward, 


Purdue University ; 


George P. Wilson, Jack- 
son & Moreland Engi 
neers. 


Treatment of 














PETER F. LOFTUS 
CORPORATION 


Engineering and Architec- 
tural Consultants and 
Designers 


Ist National Bank Bidg., 
Pittsburgh 22, Pa. 


Cable Address— 
“LOFTUS—Pittsburgh” 
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Model #2 duplicates 
water level as shown 
in gage glass at boiler 





Available 
with visible 
and audible 

alarms at 

auxiliary 
points 


Marine Operators: Special 
installation procedure com- 
pensates for roll and pitch 
of your ship. 









100 Fellsway 


European Mfg. Affiliate: Bailey Meters & Controls, Ltd. 








You KNOW 
The Water Level 
When you have a 


JERGUSON 
TRUSCALE 
GAGE 


HE Jerguson Truscale Gage for remote 





reading of boiler and other liquid levels 
is ACCURATE to V4 of 1% of scale reading. 

It is DEPENDABLE, for it works on 
hydrostatic heads directly from the boiler 
drum. Simple in design, with magnet ex- 
ternal to manometer system, and feather- 
light pointer system. All internal moving 


parts of stainless steel; no stuffing boxes. 


Models for any pressure and range; illu- 
minated dial; scale markings and pointer 
glow in the dark. 


Write for full information 
on Jerguson Truscale Gages 





Gages and Valves a 


for the Observation 
of Liquids and Levels 


Representatives in Major Cities 
Phone Listed Under JERGUSON 


JERGUSON GAGE & VALVE COMPANY 


Somerville 45, Mass. 


wal 

















Bokaro Placed in Service 


HE Bokaro steam power 

first section of India’s 140-million 
dollar multi-phase power 
modeled after our TVA and a product of 
American engineering design and equip 
ment, was formally dedicated by Prime 
Minister Nehru on February 21. This 
plant, which is not only the largest in 
Asia but the first major high-pressure 
steam station in the Far East, will be 
linked to a series of dams for hydro 
power, irrigation and flood control in the 
330-muile long Damodar Valley in eastern 
India. A total of 477 miles of transmis 
sion lines and numerous substations are 
involved with the Damodar Valley Cor 
poration, a government-financed utility, 
operating the svstem. 


system, 


Initial Capacity 150,000 Ku 


This steam plant initially contains six 
300,000-Ib per hr steam generating units 
of the Combustion Engineering two- 
drum radiant type designed to operate at 
895 psig and 910 F at the superheater 
outlet, each supplied with pulverized 
coal by two C-E Raymond bowl] mills. 
There are three 50,000-kw_ turbine 
generators of the General Electric 
tandem-compound, double-flow type 
with hydrogen-cooled generators, each 
unit being served by two boilers. Pro 
vision has been made in the present 
building for the installation of a fourth 
unit which will bring the capacity up to 
200,000 kw. Only the first unit is now 
in service, but operation of the others 
has been scheduled to follow at three 
month intervals. 
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plant, the 


The coal which the plant has been de 
signed to burn averages 45 per cent 
fixed carbon, 25 per cent volatile, 4 per 
cent moisture, 26 per cent ash and has a 
heating value of around 10,750 Btu per 
lb. The ash-fusion temperature is 
about 2400 F, 


Industrial Area Served 


This Damodar Valley project centers 
in one of the most highly industrialized 
regions of India containing about 85 per 
cent of the world’s best mica, 75 per 
cent of India’s coal deposits, most of its 
and large deposits of manga 
nese, copper, limestone, bauxite, asbes 
tos and chrome, Jamshedpur, ‘India’s 
Pittsburgh,” is expected to take substan 
tial amounts of power from the system 
and the transmission lines will carry 
power from Damodar to Calcutta, 


iron ore, 


India’s largest city, some 200 mil 
away. It is anticipated that the stea 
plant will carry the base load thirt 
seven weeks of the year and the hyd: 
plants will take over the bulk of the loo 
during the fifteen weeks of 
weather (rainy season). 

A general view of the station as 


THOTISCK 


appeared when dedicated is shown + 
the cover of this issue, and a plan of thy 
powerhouse 
layout is here shown. 

The Kuljian Corporation of Phil 
delphia designed and constructed th: 
station and will operate it for a year hx 
fore turning it over to the staff of Indian 
engineers who have received extensiv: 
training in the United States. The 
prime contractor in the purchase of th 
American equipment was International 
General Electric Company, 


showing the equipmen! 
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General plan of power house 


Prime Minister Nehru of 
India addressing the as 
semblage at the plant 
dedication on February 2! 
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New Books 
Any of these may be secured by writing 
ombustion Publishing Company 200 


\iudison Avenue, New York 16, N. \ 


Economics of Natural Gas in 
Texas 


By dohn R. Stockton, Richard C. 
Henshaw, dr., and Richard |W. 
Graves 


Chis book of 316 pages was prepared 
under the direction of the Bureau ol 
Kusiness Research, University of Texas 
i which Mr. Stockton is director and 
\lr. Henshaw its statisticlan. Mz 
(raves, a former member of tts staff, ts 
now associated with Tulane University 

\lthough emphasizing the role of na 
tural gas in Texas economy, the text ts 
national in scope, in line with the wide 
pread extension of pipe lines and the 
unparalleled increase in gas consump 
tion. As such it contains a_ wealth 
of information aimed at meeting a broad 
reader interest and providing a compre 
hensive reference. To this end, there 
ire 87 tables, together with 57 charts 
ind illustrations, containing information 

natural gas reserves, production 
transportation and utilization, both as a 
fuel and in various processes 

Despite the fact that the treatment ts 
primarily economic, related technical 
topics are discussed, as is also the posi 
tion of natural gas in relation to com 
petitive fuels he chapters on taxa 
tion and public control will be found 
hoth interesting and informative 

While a vast amount of material has 
heen published from time to time on 
natural gas in magazines, technical 
papers, ete., much of it is widely seat 
tered and not” readily obtainabk 
lherefore the present book olfers a com 
prehensive, factual treatment of the 
ubject that should prove most useful 

lhe price of the book is $5 


Heat Transfer Phenomena 
3y R. C. L. Bosworth 


Chis book is concerned with the con 
iction of heat in gases, radiative trans 
conduction in solids and liquids 
reed and natural convection, heat 
w with simultaneous phase change and 
e use of model methods. The author 
based his presentation upon the 
catment of the flow of heat as a trans 
rt process in which one or more 
vsical characteristics of a molecular 
sembly may be transferred from point 
point by the movement of certain 
irriers.”’ 
Che initial chapter gives a classifica 
m of transfer processes, following 
lich thermal conductivity of gases, 
ermal radiation and thermal conduc 
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Easy fo read... 












just like the usual 
gage glass on the boiler— 

that’s EYE-HYE 
Remote Reading Water Gage 


Cte lilo @ For safe sure check on boiler water lev- 

EYE-HYE els, use one or more EYE-HYEs with each 
drum. Mounted on instrument panel or 
power plant wall it gives you perfect meas- 
urement, dependability and clear reading 
. . Clear reading in simplest form, like the 
Now two EYE-HYE usual gage glass . . . clear reading in a col- 
Remote Gages give umn of brightly illuminated green fluid. 
you the required 
double check on 
pressures 900 Ibs. 
and over, accord- 
ing to Code inter- 
pretation Case 
No. 1155. 





All-hydrostatic principle—no mechanical 
parts—no adjustments on location—prac- 
tically no maintenance. EYE-HYE is made 
for any working pressure—any visibility 
length. Write for Bulletin CO. 


THE RELIANCE GAUGE COLUMN CO. 
5902 Carnegie Ave., Cleveland 3, Ohio 
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tivity in condensed phases are taken wp, 
Succeeding chapters discuss natural 
convection, forced convection (or sim] 
taneous transport of heat and momen 
tum), simultaneous transport of heat 
and mass, the use of the equivalent elec 
trical circuit, and thermodynamicel 
similarity. 

The mathematical approach to heat 
transfer is a rather rigorous one, and 
consequently this book should be pri 
marily of interest to the heat transfer 
specialist, the graduate student in 
physics or mechanical engineering, and 
those concerned with theoretical aspects 
of the design of heat-transfer equipment 
The author hes expanded material 
originally prepared for a Conference on 
Heat Transfer held at Sydney, Aus 
tralia, in August 1948 under the 
auspices of the Institute of Physics, 
Australien Branch. 

The book, which is probably the first 
Australian technical work to be pub 
lished simultaneousy in that country, 
Great Britain and the United States, 
contains 212 pages and sells for 86. 


Thermodynamic Properties of 
Nitrogen 


The cost of transmission of natural 
gas per Btu unit is directly influenced 
by the concentration of nitrogen which, 
as a high molecular weight constituent 
increases the power required for pump- 
ing. Proposals have been made to re 
move nitrogen prior to transmission as a 
means of increasing pipeline effective 
ness. Further, the removal of propane 
and ethane from high-nitrogen natural 
gas for petrochemical manufacture re 
quires the removal of nitrogen to insure 
maintenance of heating value require 
ments on the gas. Also, the storage of 
liquefied natural gas for meeting peak 
loads requires separation of the nitrogen 
to insure uniformity of the natural gas 
when removed from storage. 

The engineering design of plants to 
separate nitrogen from natural gas re 
quires accurate data on the thermo 
dynamic properties of nitrogen over a 
wide range of conditions. Previously 
published charts either cover an in- 
adequate range of pressure or sufler 
from scale modulus limitations. To 
provide charts of value to the natural 
gas industry, researchers at the Institute 
of Gas Technology, affiliated with 
Illinois Institute of Technology, have 
recalculated the usual thermodynamics 
properties of nitrogen on the basis of 
more recent fundamental data from the 
published literature. 

“Thermodynamic Properties of Ni 
trogen,”’ by O. T. Bloomer and K. N. 
Rao, IGT Research Bulletin No, 1S 
presents the properties in tabular form 
and as charts of enthalpy vs. entrop) 
and of compressibility factor as a func 
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tion of temperature and pressure. The 
range of the tables and charts is from 
suturated liquid at —320.4 F to super 
heated vapor at 500 F, and pressures 
from 10 to 1500 psia. Properties tabu 
lated are specific volume, enthalpy, en 
tropy and the fugacity-to-pressure ratio. 
For the superheated vapor region, cal 
culations were based on zero-pressure 
specific heat data and a new equation of 
state, . 

As a supplement to the bulletin, the 
“Mollier Chart for Nitrogen’ and 
“Compressibility Chart for Nitrogen” 
have been reproduced full scale (grid 
10 X 10 to the inch) on heavy paper, 
2»? < 34 in. They are issued as a set 
only (two sheets) and are sold separately 
from the bulletin which is priced at 


$3.50. 


Code for Protection Against 
Lightning 


Despite the value of lightning rod 
systems for protecting buildings, their 
use has not proved as effective as possi 
ble because of a general lack of informa 
tion as to the best methods of protection 
lo enable the public to demand installa 
tions designed for adequate protection, 
the National Bureau of Standards has 
just issued a new edition of its “Code 
for Protection Against Lightning,”’ 
sponsored jointly by the National Fire 
Protection Association, American In 
stitute of Electrical Engineers, and the 
NBS. 

Widespread ignorance regarding 
proper installation practice has resulted 
in great variations in lightning protec 
tion both of buildings and of electric 
equipment and, consequently, in instal 
lation of many inadequate systems 
rhis handbook emphasizes personal pre 
cautions and protection of buildings and 
miscellaneous structures. 

In addition to including material re 
vised from previous handbooks, the 
volume contains information on alu 
minum as a suitable material for light 
ning protective systems, new rules on 
vents and stacks emitting explosive 
dusts, vapors, or gases, and detailed 
specifications for lightning rods. 

This 88-page booklet, with paper 
cover, is attainable from the Govern 
ment Printing Office, Washington 5, 
1). C., for 40 cents. 


To Guide Burma Research 


The Armour Research Foundation of 
{llinois Institute of Technology has just 
igned a three-year contract to reorgan 
ize and expand the State Industrial Re 
search Institute of Burma in Rangoon. 
rhe principal objectives will be to train 
scientists, engineers and technicians, and 
(oO set up research and development pro 
zrams. The Burmese Institute is located 
on the campus of Rangoon University. 
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Delaware Power & Light 


specifies 





Like many progressive utilities, Delaware Power & Light 
Company selected Richardson Automatic Coal Scales 

to maintain a constant check on boiler efficiency in 
their new generating station. The bank of Richardson 
Model 39’s shown now handles this responsibility. 





To both industrial and utility power generating stations, 
specifying Richardson means — 


A 24” x 24” inlet opening and 26” wide belt for 
maximum coal flowability. 

All wiring and controls outside coal chamber. 
Access doors which will not spill dust on floor 
when opened. 

Beam ratio test facilities outside coal chamber. 
Gravity operated by-pass, with no restriction of 
coal flow to downspout. 

No drag links or wires attached to weigh hopper. 
Nationwide after-delivery service. 


Oo® 


Latest development in the 39 Series of Richardson 
Automatic Coal Scales is the Model H-39 shown 
above. May we send you our new 16-page engineer- 
ing data book on the H-39 Coal Scale (Bulletin 
0352), without cost or obligation? 


RICHARDSON SCALE COMPANY : Clifton, New Jersey 

Atlanta © Buffalo © Boston © Chicago °* Detroit * Houston 

Minneapolis © New York © Omaha °* Philadelphia °* Pittsburgh 
San Francisco * Wichita ©* Montreal * Toronto 


@ 8760 





MATERIALS HANDLING BY WEIGHT SINCE 1902 
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Murray Gill Station* 


Kansas Gas and Electric Company 

















Wichita, Kansas 

















GREEN 
Double Inlet ID Fan 














Design capacity 256,500 
cfm @ 383°F. 28.65” Bar; 
10.16” SP; 705 RPM 595 HP. 


Special control type louvre 


























inlet dampers; outlet damp- 








ers; inlet boxes; air-cooled 








bearings and sun shields. 











The installation includes a 








Green Forced Draft Fan. 














*Designed by Ebasco Services Incorporated 











es exacting buyers were involved in this instal- 
lation: the owners and the consulting-design engineers. That they have 











entrusted to Green Fans the important work of supplying combustion air 
is in itself a stamp of approval. Their decision might be helpful to you 
in selecting fans for your power plant project. 























We have been designing and making draft fans for 48 years. This is 
indicative of our experience. We have supplied fans 


for many of the leading utility and industrial power 




















plants now under construction or recently com- 





pleted. This is indicative of our modern designs and 
fabricating methods. 
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John Hunter Passes 


Many older engineers among Coy 
BUSTION readers undoubtedly hold viv: 
and kindly recollections of John Hunts 
who, we learn, passed away at his hom 
in Winter Park, Fla., on February 5 a 
the age of 87. Previous to his retireme: 
in 1939, Mr. Hunter had been acti, 
and widely known in both marine ani! 
stationary power circles. 

Born in Girvan, Scotland, August | 
1866, he was educated at Hawthorn 
Academy, London, and then served an 
apprenticeship in mechanical engineer 
ing and shipbuilding. He then went to 
sea as a junior engineer on the old Red 
Star liner ‘“‘Westernland,”’ and becany 
first assistant engineer on the ‘‘Fries 
land” of the same line. Subsequently in 
1895 he joined the American Line as 
first assistant on the then new liner 
“St. Louis” and served on her sister-ship 
the ‘St. Paul’’ as chief engineer during 
the Spanish-American War when sh« 
was operated by the U. S. Navy. 

Leaving the sea in 1904, Mr. Hunter 
joined the Union Electric Light & 
Power Company of St. Louis as chief 
engineer of its system, and while there 
took an active part in the formation 
and work of the Prime Movers Commit 
tee of the old National Electric Light 
Association. He became associated 
with the late Hugh L. Cooper in con 
struction of the Keokuk Dam and power 
development on the Mississippi, and 
when World War I broke out in 1917 he 
was called to government service in 
organizing the shipbuilding program and 
later served as naval cunstructor in 
charge of the Standard Shipbuilding 
Company. Following termination of the 
war he joined the Heine Boiler Company 
as chief engineer, which position he held 
till 1925 when he established a consult 

ing engineering practice. 

Long an active member of the ASME, 
Mr. Hunter served on many commit 
tees including that of the Boiler Code 
and was manager and later vice presi 
dent of the Society in 1917-1919. He 
attained the grade of Fellow in 1939. 
He was a fellow of the Florida Engi 
neering Society, and a past president of 
the Engineers Club of St. Louis. 


Charles A. Booth 


Charles A. Booth, Executive Vice 
President of Buffalo Forge Co., died last 
month in Buffalo General Hospital 
after a short illness at the age of 76. A 
graduate of Worcester Polytechnic In 
stitute, he started with Buffalo Forge 
Co. in 1900, became sales manager in 
1907, and later Vice President and 
Director. He was a Past President of 
the National Association of Fan Manu 
facturers, a member of the ASME and 
of the ASHVE. 
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